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SUMMARY 
In 1969, Indonesia established a national family planning programme and total fertility 
has declined rapidly since but there is little consensus over the relative contribution of 
family planning to the observed decline. The first chapter constructs a new measure of 
family planning exposure to examine the role of family planning in reducing fertility. 
The causal effects of infant mortality is also examined based on a new instrumental 
variable, water supply and sanitation programme exposure, and that of schooling using 
father’s schooling as an instrument. The findings strongly indicate that family planning 
contributes to lower fertility together with reductions in infant deaths and improvements 
in women’s schooling, and that the effects of family planning and decreases in infant 
mortality are larger than that of schooling. In 2002, nearly one-in-ten men and more 
than one-in-five women in Indonesia were overweight and noncommunicable diseases 
had become the main cause of death but there exists no evidence on the causal effect of 
schooling on BMI for developing countries. The second chapter assesses whether more 
schooling causes healthier BMI in Indonesia by using two instrumental variables to 
capture exogenous variation in schooling. The first instrument takes advantage of the 
primary school construction programme (SD INPRES) in the 1970s; the second 
instrument is father’s schooling. Two results stand out: more schooling causes higher 
BMI for men and there is no causal effect of schooling on BMI for women. This chapter 
also provides some very preliminary evidence that the shift from blue collar to white 
collar and service sector occupations is one contributing factor to why more schooling 
increases BMI for men. The third chapter also uses the SD INPRES programme but to 
examine the effect of increased school supply on schooling attainment: overall, by 
gender, and by socioeconomic background. It also constructs a new SD INPRES 
programme exposure variable as an instrument for schooling to assess the causal effect 
of schooling on wages. The results strongly suggest that the SD INPRES programme 
increased schooling for men and women but that women benefited more as did 
individuals from less advantageous socioeconomic backgrounds. More schooling also 
causes higher wages and there appears to be an added positive effect for women through 
the additional schooling induced by the SD INPRES programme.  
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Chapter 1: Fertility Decline in Indonesia: Family 
Planning, Infant Mortality, and Schooling Matter. 
 
 
 
 
Abstract 
Lower fertility has several benefits at the individual level: fewer births are associated 
with better health and schooling outcomes for women and their children, with higher 
household income and wealth, and with improved labour market opportunities for 
women. Indonesia established a national family planning programme in 1969 and total 
fertility has declined rapidly since but there is little consensus over the relative 
contribution of family planning to the observed decline. This chapter empirically 
examines the effectiveness of family planning in reducing total fertility at the individual 
level in Indonesia and the findings strongly suggest that family planning contributed to 
the fertility decline. The causal effect of infant mortality on total fertility is also 
assessed using a public water supply and sanitation programme implemented in 
staggered fashion across districts combined with the timing of births to capture 
exogenous variation in infant mortality. The results strongly indicate that increases in 
the number of infant deaths cause higher total fertility. This chapter also assesses the 
causal effect of women’s schooling on fertility using the schooling of fathers of the 
women who give birth as an instrument and finds that more schooling causes lower total 
fertility. Overall, this chapter shows that family planning contributes to lower fertility 
together with reductions in infant deaths and improvements in women’s schooling, and 
that the effects of family planning and decreases in infant mortality on fertility are 
larger than that of women’s schooling, which has implications for public policy aimed 
at reducing fertility. 
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1.1 Introduction 
Numerous developing countries have implemented family planning programmes since 
the 1960s with the objective of reducing fertility, in part to help promote economic 
growth and development through a number of channels (Joshi 2011, Schultz 2008). 
Over the period 1960-2000, the proportion of married women in developing countries 
using birth control increased from about 10 percent to 60 percent and mean fertility 
nearly halved from six to three births per woman (Cleland, Bernstein et al. 2006). 
Lower fertility has benefits at the individual level. Fewer births are associated with 
better health outcomes for women and children, for instance, through longer spacing 
between births, which tends to reduce both maternal and infant mortality (Das Gupta, 
Boongarts et al. 2011). Lower fertility is also associated with higher household income 
and wealth (Schultz, Joshi 2007), which allows parents to spend more on the schooling, 
health, and nutrition of each child with positive implications for their schooling, labour 
market, and health outcomes (Birdsall 1980, Rosenzweig, Wolpin 1980, Schultz 1997). 
The ability to control the number of births improves women’s opportunities in the 
labour market and in almost all countries women’s labour force participation has risen 
as fertility has declined (Cleland 2002). 
Family planning programmes aim to give women in particular greater control over 
family formation decisions and the ability to gain some of the benefits of lower fertility. 
For instance, such programmes can improve women’s opportunity to obtain schooling 
by making it easier to delay the birth of their first child (Joshi 2011). 
However, over the last decade and half attention has shifted away from family 
planning to women’s schooling as a more cost-effective way of reducing fertility 
(Cleland, Bernstein et al. 2006, Joshi 2011, Molyneaux, Gertler 2000). A main reason is 
the lack of evidence on the effectiveness of family planning programmes in reducing 
fertility, and this is in turn largely due to the difficulties involved in empirically 
assessing programme effectiveness (Pörtner, Beegle et al. 2011). 
This is also true for Indonesia, which established a national family planning 
programme in 1969. While there is no questioning that total fertility has declined 
rapidly in Indonesia since the early 1970s: mean total fertility decreased by 57 percent, 
from six births in 1971 to 2.5 births in 1999 (Figure 1), there is no consensus over the 
relative contribution of family planning to the observed decline. 
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The success of the Indonesian family planning programme as reported in the late 
1970s was regarded with great skepticism by many (Cairns Sinquefield, Sungkono 
1979). More recent quantitative evidence on the effectiveness of the family planning 
programme in reducing fertility in Indonesia is not unambiguous either; some studies 
find no significant effect, and others a negative, significant effect but that varies 
considerably in size (Angeles, Guilkey et al. 2005, Barnum 1988, Molyneaux, Gertler 
2000, Pitt, Rosenzweig et al. 1993). Moreover, the effect of family planning on total 
fertility in Indonesia has been assessed at the province and district levels rather than at 
the individual level except for one study (Angeles, Guilkey et al. 2005). 
In light of the benefits from lower fertility at the individual level and the large 
efforts directed towards reducing fertility, it is highly desirable to understand the 
relative importance of family planning services in lowering fertility. 
This chapter empirically examines the effectiveness of family planning in reducing 
total fertility at the individual level in Indonesia since the early 1970s. Two key 
proximate determinants of fertility, infant mortality and mother’s schooling, are very 
likely simultaneously determined with fertility. Many studies find an empirical link 
from infant mortality decline to fertility decline but at the parental level, decisions that 
raise the risks of infant mortality are also likely to affect fertility and vice-versa. Most 
existing evidence finds that mother’s schooling influences total fertility but it is often 
treated as exogenous although this may not be the case, as staying on at school might be 
affected by all alternative activities including starting a family. Given the likely 
endogeneity of both infant mortality and mother’s schooling, this chapter uses 
instrumental variables to obtain consistent estimates and to capture their causal effects 
on total fertility. 
To examine the effect of family planning on total fertility, a family planning 
programme exposure variable is constructed that varies across women due to variation 
in the year of establishment of community-level health posts that provide family 
planning services (posyandus) and differences in the timing of births within 
communities. For the estimates to capture the exogenous effect of exposure to family 
planning services on total fertility the allocation of posyandus should have been 
random. However, in Indonesia allocation was targeted toward higher fertility areas. To 
attenuate any bias due to the targeted allocation district specific effects are included in 
the model. Only one other study has examined the effect of family planning on fertility 
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in Indonesia at the individual level but without incorporating the effect of infant 
mortality on fertility (Angeles, Guilkey et al. 2005). 
Few studies have assessed the causal effect of infant mortality on total fertility due 
to the difficulty in identifying instruments that are correlated with infant mortality but 
do not directly affect total fertility (Lee, Schultz 1982). This leaves the option of 
omitting infant mortality in which case some of the effect picked up by included 
household and community variables will work through their intermediate effect on 
infant mortality (Pitt, Rosenzweig et al. 1993, Schultz 1997). However, this chapter 
uses a public water supply and sanitation programme implemented in a staggered 
fashion across districts in Indonesia and differences in the timing of births across 
women to identify exogenous variation in infant mortality that can be used to evaluate 
the causal effect of infant deaths on total fertility. 
Mother’s schooling influences fertility decisions but only one study has previously 
evaluated the causal effect of mother’s schooling on fertility in Indonesia using an 
instrumental variable approach (Breierova, Duflo 2003). This chapter uses a different 
instrument, the schooling of the fathers of the women who give birth, which it is argued 
constitutes a plausibly exogenous instrument, to assess the causal effect of mother’s 
schooling on total fertility. 
The findings in this chapter strongly suggest that family planning contributed to the 
fertility decline in Indonesia. Moreover, according to the instrumental variable estimates 
increases in the number of infant deaths cause higher fertility whereas increases in 
mother’s schooling causes lower fertility. 
The rest of the chapter is divided up as follows. Section 1.2 reviews the international 
and the Indonesian empirical literature most relevant to the analysis in this chapter, and 
that provides points of comparison for the new results. Next, Section 1.3 provides an 
introduction to the factors that influence fertility decisions in a simple conceptual 
framework and discusses the main determinants of fertility. In Section 1.4, the 
Indonesian national family planning programme and the water supply and sanitation 
programme used to construct the instrument variable for infant mortality are each 
described. Section 1.5 discusses the sample used for the analysis and describes the data 
and variables included in the model. Section 1.6 then considers the issues involved in 
consistently estimating the effect of family planning, infant mortality, and mother’s 
schooling on fertility, and outlines the empirical models and estimation methods. In 
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Section 1.7, the results are presented and related to existing evidence. Finally, Section 
1.8 concludes. 
1.2 Literature Review 
In many developing countries total fertility has decreased dramatically since the 1960s 
(United Nations 2002). The desire to understand what has driven this decline has 
generated an extensive literature on the determinants of fertility (Schultz 1997, Birdsall 
1998). Whereas there is broad consensus that certain variables such as infant mortality 
and mother’s schooling affect fertility, there is disagreement over the importance of 
others such as family planning programmes (Das Gupta, Boongarts et al. 2011, Joshi 
2011, Pritchett 1994, Rosenzweig, Schultz 2008, Schultz 1997, Schultz 1983). This is 
largely due to the difficulty of measuring family planning programme effectiveness and 
the subsequent lack of empirical evidence (Pörtner, Beegle et al. 2011). 
This section provides an overview of the existing international and Indonesian 
microeconomic fertility literature with a focus on the role of family planning 
programmes, infant mortality, and mother’s schooling, the variables of main interest in 
this chapter. The studies reviewed use either cross-sectional or panel data where the 
woman is the unit of analysis.
1
 There are some exceptions for Indonesian studies that 
use province or district level data given that the number of studies on Indonesia is 
relatively small. Different approaches are employed to address the issues involved such 
as endogenous placement of family planning programmes and the likely endogeneity of 
infant deaths and of schooling, when attempting to consistently estimate the effect of 
family planning on fertility. Below, studies that cover these issues and that are closest in 
approach to the analysis in this chapter are discussed in some detail. 
 
1.2.1 International Evidence 
An early study combines household survey data with district data for 1968-1971 to 
examine the effect of family planning and health programmes, and of water and 
schooling infrastructure on fertility, child mortality, and child schooling in India 
(Rosenzweig 1982). For a sample of 1,137 rural households simultaneous equations are 
estimated for fertility, child mortality, and children’s schooling to examine the effects of 
                                                          
1
 Cross-country studies are not included. For an example see (Angeles, Dietrich et al. 2001). 
6 
 
 
the public interventions while addressing the endogeneity of fertility, child mortality, 
and child schooling. 
The outcome variable of main interest for the purposes of this chapter is fertility, 
defined as the number of children born during the 2.5 years prior to the survey. The 
measures of family planning, health infrastructure, and water supply are constructed as 
the fraction of villages in each district that has each type of public programme or 
infrastructure. Interaction terms for parental schooling and family planning exposure are 
also included to examine whether family planning programmes are more effective when 
parents have more schooling. 
The results suggest that exposure to family planning significantly reduces fertility. 
However, neither mother’s nor father’s schooling has any significant effect, and nor are 
family planning programmes significantly more effective for more schooled parents. 
Conditional on mother’s schooling and age, father’s schooling, whether a family lives 
on a farm or not, and district health, schooling, and water infrastructure, a doubling of 
villages with a family planning clinic in a district is estimated to lower fertility by 13 
percent. 
These results rely on the assumption that the family planning programme was 
randomly allocated with respect to household variables that affect fertility. However, if 
family planning programmes are not allocated randomly but are targeted to local needs 
or characteristics ordinary least squares estimates will not only capture the effects of the 
programmes but also the effect of fertility (and proximate determinants) on programme 
placement (Molyneaux, Gertler 2000, Pitt, Rosenzweig et al. 1993). 
A study of the effect of family planning on fertility in Tanzania directly incorporates 
the possibility of non-random placement of family planning services (Angeles, Guilkey 
et al. 1998). The sample consists of 5,077 women in 233 rural villages in Tanzania and 
fertility is measured by a dummy variable taking the value one if a woman had a birth in 
each year from age 12, which yields 61,293 woman-year observations. 
Contemporaneous access to family planning is captured by nine dummy variables 
that indicate whether in a given year a woman had access to a health center, hospital or 
dispensary that provided family planning and the distance to this facility: 5 kilometres, 
6-10 kilometres, or 11-30 kilometres. The model also includes age dummies for one of 
each of five groups (12-14, 15-19, 20-24, 25-29, and 30-34); schooling defined as no 
schooling, and 1-6 years, 7 years, and more than 8 years of schooling; availability of 
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family planning when a woman was 12 years old; community level child mortality; and 
time effect. 
The family planning facility allocation equations for hospitals, health centres, and 
dispensaries primarily is intended to allow for consistent estimation of the impact of 
family planning access on fertility. The covariates included are: community child-
mortality rates; the availability of each type of health facility within 30 kilometres; 
national and regional public spending on health; time effects; and district population as 
a share of the total population. Few of these variables are individually significant and a 
joint test of the significance of the identifying variables (national public health 
spending, regional public health spending, and population shares) has a p-value of 0.063 
implying that identification may be weak. Moreover, each of the identifying variables 
may not only affect programme allocation but also fertility directly. 
Three methods are used to estimate the effect of family planning access on fertility: 
a logit model that does not account for potentially endogenous programme placement 
and a fixed effects model where community dummies control for unobservables, and a 
random effects model that is estimated simultaneously with the facility allocation 
equation. 
There are large differences in the estimates for the logit model that does not account 
for endogenous programme placement and the fixed effects and random effects models 
that do and only the results for the latter two are reviewed. Women in all age groups 
have significantly higher probability of a birth than women in the 12-14 years old group 
as would be expected. All levels of schooling are associated with lower birth 
probabilities compared to women with no schooling, and the effect is largest for women 
with eight years or more of schooling. When it comes to access to family planning, 
hospitals do not significantly impact the probability of a birth, nor does the presence of 
a hospital, health centre, or dispensary at age 12 suggesting that early exposure to 
family planning does not affect schooling decisions. By contrast, the contemporaneous 
measure of having a health center with family planning services within 5 kilometres 
significantly reduces the probability of a birth. Simulations are also conducted and these 
indicate that that number of children ever born is 11-13 percent lower for women with 
contemporaneous access to a health centre with family planning within 5 kilometres 
relative to women with no such access. The effect of having a facility further away than 
5 kilometres are never significant implying that distance matters. 
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Another recent study of the effect of family planning on fertility in Ethiopia also 
explicitly models the allocation of family planning services, and examines whether 
family planning is more effective in reducing fertility for women with certain levels of 
schooling (Pörtner, Beegle et al. 2011). The main sample consists of 1,326 ever married 
or partnered women with no formal schooling and the additional sample of 2,051 
women with different levels of schooling. 
The measure of family planning exposure is based on whether a woman resides in a 
community that has a health facility that provides family planning services or there is a 
facility within 40 kilometres, together with the year family planning services were 
introduced. For this measure of family planning exposure, if some facilities are not used 
due to remoteness the effect of family planning on fertility will be underestimated. 
Moreover, some communities may be assigned as only having had family planning 
services for a relatively short period although a neighboring community has services for 
a longer time since there is only data on access to the family planning programme that is 
closest, and this would underestimate the effect of family planning. 
A two-stage instrumental variable approach is used where the first-stage equation 
captures the programme allocation decision as programme placement is assumed to be 
endogenous, and the second-stage equation the effect of family planning exposure on 
the outcome of interest: fertility, which is defined as the number of children ever born. 
The identification strategy is based on the idea that areas compete for limited 
resources and that ordinal rankings can be used to discern between their demands. That 
is, the ordinal rankings of areas are intended to reflect factors taken into account by 
agencies responsible for allocating resources but that do not directly influence fertility. 
The first-stage programme allocation equation includes district area; district average 
annual rainfall and its square; district altitude and its square; rural/urban location; if 
there is a market; and road accessibility. The excluded instruments assumed to affect 
fertility only through programme placement are the relative rankings at the district level 
by population size; share of the population that is urban; and share of adults with 
different levels of schooling, and at the community level, population size. For instance, 
districts that are relatively more urbanized are more likely to have a family planning 
programme. 
If the rankings are correlated with the allocation of other programmes, for example, 
school construction, which also affects fertility, the effect of family planning access will 
be overestimated as the expectation is for more schooled women to have fewer children. 
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The F-test for the excluded instruments being jointly equal to zero is 6.14, which is 
somewhat low with possible implications for consistency and bias due to weak 
correlation between the excluded instruments and programme placement (Bound, Jaeger 
et al. 1995, Staiger, Stock 1997). 
The model is estimated using ordinary least squares (OLS) and instrumental 
variables (IV). This may pose a problem as the dependent variable, children ever born, 
is a count variable. According to the OLS estimates access to family planning 
significantly lowers the number of children ever born by 0.7 children, and adjusting for 
endogenous programme placement the IV estimates suggest that the effect is even larger 
at 0.9 children for women with no schooling. Interacting family planning access with 
five-year age groups indicates that the effect varies by age. For women less than 20 
years old the IV estimates suggest that family planning reduces fertility by 1 child, and 
for women 40-45 years old by 1.3 children implying a decrease in intervals between 
births. Including women of different levels of schooling suggests that there is no impact 
of family planning on fertility for women who have completed first grade or more. 
The above approaches are non-experimental. One example of an experimental 
approach is the evaluation of the Outreach Family Planning and Health Services project 
(FPMCH) in the rural district Matlab in Bangladesh (Schultz 2008, Schultz, Joshi 
2007).
2
 The door-to-door FPMCH entailed field workers visiting women of 
reproductive age roughly every two weeks to provide advice on contraceptive use and 
contraceptive supplies over the period 1977 to 1996. In 1996, a comprehensive survey 
in Matlab district interviewed households in 70 villages that had received the FPMCH 
(treatment villages) and 71 villages that had not (control villages) to assess among other 
things fertility levels. 
Based on a sample of 5,379 married women reduced-form equations are estimated 
to assess the effects of the FPMCH and other covariates on fertility measured as the 
number of children ever born. Treated women (those who lived in a treatment village) 
have significantly lower fertility: the average reduction in fertility for women aged 45-
50 years is 1.5 children and for women aged 30-55 years roughly 1.0 child compared to 
women in the control group. Women with more schooling also have lower fertility, 
about 0.064 fewer children ever born, although this effect is the same in the treatment 
                                                          
2
 “The project seemingly satisfies the definition of a formal experiment, with a well-defined ‘treatment’ 
area where services are introduced and a ‘comparison’ area where such services are absent, but 
geographical, social, economic, demographic, political and historical conditions are much the same.” 
(Schultz, Joshi 2007) 
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and control villages suggesting that family planning effectiveness and women’s 
schooling are not substitutes, and that the FPMCH did not affect the fertility differences 
between relatively more or less schooled women. The results also show that women 
living in villages in which households are generally wealthier (villages with paved road 
or a town motor boat) have higher fertility suggesting that wealthier households have 
more children. 
Estimating the reduced-form equation with the fraction of children alive by age 5 as 
the dependent variable (instead of children ever born), the FPMCH significantly 
reduced child mortality by 2.5 and 5.6 children per 100 births for women aged 30-35 
years and aged 35-40 years respectively. These reductions in child mortality associated 
with the FPMCH accounts for almost half of the FPMCH related decline in fertility for 
women aged 45-50 years. Thus, it appears that the maternal and child health component 
of the FPMCH reduced child mortality, which in turn reduced fertility. 
Because family planning programmes are frequently part of maternal and child 
health programmes or general health programmes in developing countries, the effect of 
family planning programmes may be overestimated unless infant and child mortality are 
incorporated into the analysis (Joshi 2011, Schultz 1997). Several studies estimate the 
effect of infant and child mortality on subsequent fertility without taking family 
planning into consideration, typically by adding infant or child mortality to reduced 
form fertility equations (Schultz 1997, Strauss, Thomas 1995, Wolpin 1997).
3
 These 
studies largely fail to address the issue of infant mortality and fertility being 
simultaneously determined although there are a couple of exceptions (Barnum 1988, 
Benefo, Schultz 1996). 
A study for Colombia using 1973 Census data examines the effect of total child 
deaths on children ever born through direct estimation rather than indirectly through 
mortality rates or birth intervals (Olsen 1980).
4
 Several sets of regressions are run to 
assess the bias from using ordinary least squares to enable corrections. The uncorrected 
estimates from a regression of children ever born on total child deaths imply a 
replacement rate of more than 1 for both rural and urban women. The estimates 
                                                          
3
 Some studies that examine the effect of infant mortality on fertility use the parity progression ratio 
(PPR) and the mean closed interval to the next birth (DMCI) (Wolpin 1997). However, these studies will 
yield inconsistent estimates of the effect of mortality on fertility due to mortality being determined 
simultaneously with fertility (Lee, Schultz 1982). Given the measure of fertility of interest in this chapter, 
children ever born, studies that use PPR or DCMI are not reviewed, only those that use the total number 
of births and deaths in order to facilitate comparisons of results. 
4
 Sample size is not reported. 
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corrected for bias and assuming that child mortality rate varies across women gives a 
replacement effect of approximately 0.2 to 0.3 births; assuming in addition that the 
mortality rate is correlated with births, the estimated replacement effects lies between 
0.13 and 0.24 births. Moreover, the replacement rates are always higher for urban than 
for rural women. Another study using the same method for 4,896 women in Korea in 
1971 finds that an increase in child mortality is associated with 0.35 to 0.51 more births 
(Lee, Schultz 1982). 
An examination of the effect of total child deaths on total births in Brazil in 1970 
uses the correction approach and a minimum distance estimation model for a sample of 
30,612 women aged 40-50 years (Mauskopf, Wallace 1984). For the full sample the 
replacement rate is estimated at 0.6 births but it varies by schooling level and estimated 
replacement rate is: 0.35 for women with no schooling, 0.6 for those with 1-4 years of 
schooling, and nearly 1 for women with 5 years or more of schooling. 
The impact of child mortality on fertility accounting for the simultaneous 
determination of these two variables is assessed for women in Côte d’Ivoire and Ghana 
in the 1980s using an instrumental variable approach (Benefo, Schultz 1996). The 
sample consists of 1,943 women in Côte d’Ivoire and 2,237 in Ghana who gave birth at 
least once 5 years or more prior to the survey. Three models are estimated with children 
ever born used as the measure of fertility. In the first model child mortality is treated as 
exogenous. The second model treats child mortality as endogenous and instrumental 
variable estimation is used. The final model adds husband’s characteristics and 
household income. The exogenous covariates included in the models are mother’s age, 
height, and schooling level, household assets, husband’s characteristics (assumed to be 
exogenous), geographic location, ethnicity, religion, distance to market, district mean 
rainfall per year, and the proportion of households growing tree crops. 
The excluded instruments consist of community-level variables: the proportion of 
households with toilet/latrine and the proportion of households with a protected water 
source; distance to nearest health clinic and public per capita health spending; prices for 
staple foods; dummies for the most common community health problem (malaria, 
diarrhea, or infectious diseases); and a dummy to indicate whether there was a child 
immunization campaign during the last 5 years. For these instruments to be exogenous 
they must only affect fertility through child mortality, which is unlikely to be the case 
for at least the health related variables. Moreover, the instruments are weak: the F-
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statistic for all excluded instruments being jointly equal to zero is 2.61 for Côte d’Ivoire 
and 3.06 for Ghana (Bound, Jaeger et al. 1995, Staiger, Stock 1997). 
For both countries, child mortality increases fertility significantly when it is 
assumed to be exogenous (first model); but these effects are small compared to those in 
other studies. Moreover, there is no significant effect when child mortality is treated as 
endogenous; arguably this is because of the weak instruments. Household assets are 
positively and significantly associated with lower fertility in Côte d’Ivoire but not when 
the husband’s characteristics are added. In Ghana, household assets are never 
significantly related to fertility. Mother’s height, intended to capture health status and 
productivity is positively and significantly related to fertility in Côte d’Ivoire but not in 
Ghana. Women who have attended middle school and who have attended secondary or 
higher education each have significantly lower fertility than women with no schooling 
or some or complete primary schooling, and each additional year of schooling is 
associated with 0.1 to 0.2 fewer births. The same models are estimated with infant 
mortality instead of child mortality and the results are similar. 
The majority of the fertility literature finds that a woman’s schooling (generally 4 
years or above) influences fertility (Birdsall 1998). However, although most studies on 
fertility that include infant or child mortality deal with their endogeneity, it is rare for 
them to address the potential endogenity of women’s schooling although failure to do so 
may produce misleading results (Angeles, Guilkey et al. 2005, Thomas 1999). 
One exception is a study of the impact of parental schooling on fertility in Indonesia 
based on a sample of 81,549 women (Breierova, Duflo 2003). It uses the large-scale 
primary school construction programme (SD INPRES) rolled out in Indonesia starting 
in 1973/74 to construct instrumental variables that capture exogenous variation in 
schooling. An individual’s exposure to the SD INPRES programme is based on her 
district and year of birth since the programme rollout was staggered over time and 
across districts. 
The instruments for average family schooling are constructed as interactions of year 
of birth dummies and programme intensity in the district of birth for each wife and 
husband. The instrument for the average difference in schooling between husbands and 
wives is captured by combining the husband’s year of birth, the intra-couple age 
difference, and programme intensity in the husband’s birth district. Assuming that if 
there had been no SD INPRES programme fertility patterns would not have been 
systematically different in districts that received more schools than in those that 
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received fewer, and that the SD INPRES programme only affected fertility through the 
quantity of schooling, the instrumental variables will capture the impact of schooling on 
fertility. 
A two-stage instrumental variable approach is used to assess the impact of mother’s 
and father’s schooling, and the intra-couple difference in schooling on fertility, 
measured as children ever born. In the first-stage equation of average parental schooling 
the F-test for the instruments being jointly equal to zero is only 2.1 and in the equation 
for the intra-couple schooling difference 1.9, which indicates that the instruments are 
weak with implications for the estimates and may bias them in the same direction as the 
ordinary least squares estimates (Bound, Jaeger et al. 1995, Staiger, Stock 1997). 
Based on the ordinary least squares estimates, average parental schooling is 
significantly associated with lower fertility (-0.09) and so is the intra-couple difference 
in schooling (0.028) suggesting that as the husband’s schooling rises relative to that of 
his wife, fertility increases. However, according to the instrumental variable estimates 
neither parental schooling nor the intra-couple difference in schooling reduces fertility; 
the former result in particular is in contrast to the existing literature. 
 
1.2.2 Evidence for Indonesia 
Numerous studies document the increase in contraceptive use and decline in total 
fertility coinciding with the rollout of the National Family Planning Programme (NFPP) 
in Indonesia (Cairns Sinquefield, Sungkono 1979, Chernichovsky, Meesook 1981, 
Gertler, Molyneaux 1994, Warwick 1986). Below follows a review of the studies on 
family planning, infant mortality, and mother’s schooling and fertility in Indonesia most 
relevant to the analysis in this chapter. 
One study on the effect of mother’s schooling and family planning access on 
fertility in Indonesia finds that failure to address the endogeneity of mother’s schooling 
tends to overestimate the impact of mother’s schooling on fertility (Angeles, Guilkey et 
al. 2005). The data used come from the 1993 Indonesia Family Life Survey (IFLS) and 
the sample comprises 4,659 women aged 13-51 years with complete birth histories 
resulting in 113,995 woman-year observations. 
The study uses maximum likelihood to estimate four equations simultaneously: 
children ever born, woman’s schooling, husband’s schooling, and age at marriage, to 
control for the endogeneity of preceding decisions on schooling, age at marriage, and 
number of children. Fertility is modeled for each woman starting at age 10 as an annual 
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logit event for whether a woman had a live birth or not. The birth outcome depends on a 
woman’s age, schooling level, her husband’s level of schooling, whether she is married 
or not, her current number of children, and contemporaneous and past exposure to 
family planning, and observed community characteristics and allows for time effects; 
unobserved individual characteristics (e.g., fecundity and family background) that 
influence birth probabilities over time; and unobserved community factors (e.g., family 
size norms) that may also affect fertility. The inclusion of the schooling outcome 
equation in the empirical model allows the examination of the influence of access to 
family planning services on schooling and, thus, indirect effects of family planning on 
fertility. Since the data only include information on ever-married women, an equation 
for the age at first marriage is used to address the possibility of sample selection if 
women who choose to marry are systematically different from women who do not in 
terms of fertility decisions. 
Prior studies of fertility in Indonesia suggest that placement of family planning 
services was endogenous (Gertler, Molyneaux 1994, Molyneaux, Gertler 2000) and 
therefore regional dummy variables are included after which family planning 
programme placement is treated as exogenous (Angeles, Guilkey et al. 2005). 
In the model, nine variables capture past, current, and the degree of access to family 
planning services for each woman. First, a woman’s contemporaneous access to family 
planning services is measured by a dummy variable for the presence of each of three 
types of facilities: a puskemas that offer family planning (within 5 kilometres of the 
community), a posyandu that offer family planning (in the community), and private 
facilities that offer family planning services (within 5 kilometres of the community). 
Second, the duration of exposure to the presence of family planning is captured by the 
years a particular type of facility offering family planning has been available (years 
available) as a fraction of years available plus 8 years. The final family planning 
variables is a dummy variable that takes the value one if there was a puskemas in a 
woman’s village when she was age 7. This variable is intended to account for the 
possibility that knowing about family planning at an early age may influence a woman’s 
schooling decisions. 
The endogenous variables children ever born, marital status, and mother’s and 
husband’s schooling are measured by dummy variables for each level of schooling: 
none, primary, junior secondary, senior secondary, and university. In addition to the 
endogenous variables, rural/urban location, marital status, age, migration status, time 
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effects, and community-level variables: regional gross domestic product and public 
spending on development, education, family planning, and health are also included in 
the model. 
In the model taking the endogeneity of schooling into account, women with more 
schooling have higher birth probabilities than those who did not complete primary 
school whereas in the simple model only women with university education had a higher 
birth probability than women with less than primary schooling. Increases in a husband’s 
schooling significantly raise the probability of giving birth. When it comes to family 
planning neither past nor contemporaneous access significantly reduces fertility. 
However, the three variables measuring the length of time family planning has been 
available significantly lower fertility, and the long term impact of access to posyandus 
and private family planning facilities are relatively large at 0.31 and 0.25 fewer births, 
whereas the impact of access to a puskesmas is very small. 
By contrast, other evidence for Indonesia suggests that more female schooling is 
associated with lower fertility (Pitt, Rosenzweig et al. 1993). The study examines the 
differences in estimates of the effects of public family planning, health, and schooling 
programmes when placement of such programmes is not random but is based on 
unobserved (or unmeasured) characteristics of the target population. 
To assess programme effectiveness and differences in estimates when ignoring non-
random programme placement and taking it into account household, cross-sectional 
census, and sub-district (kecamatan) data on the outcomes of interest, regional 
characteristics that may affect programme allocation, and on  public programmes in 
1980 and in 1985 are merged and aggregated up to the sub-district level. For the fertility 
equation the outcome of interest is children ever born for women aged 25-29 years for 
which 2,904 sub-district observations are available. The sample is also divided into 
three sub-samples for women with no schooling, with 1-5 years schooling, and with 6 or 
more years of schooling. 
In terms of public programmes, the first model only includes the family planning 
programme; the second model adds the schooling and health programmes; and the final 
model also contains all the public programmes but is estimated using a fixed-effects 
approach that takes advantage of data being available at two points in time. All three 
models in addition control for mother’s schooling, land owned by households, and the 
proportion of households located in urban areas. For the fixed effects estimates 
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location-specific effects and aggregate time trends are removed but since the estimates 
are based on two points in time, any location specific time trends cannot be removed. 
The results indicate large differences in estimated programme effects depending on 
whether programme allocation is treated as exogenous or endogenous. For example, 
under the assumption that family planning programme placement is exogenous, family 
planning is found to increase fertility (regardless of whether the schooling and health 
programmes are included in the model), a contradictory result compared to other 
available evidence. However, the fixed-effects estimates suggest that increased 
availability of family planning reduces fertility, although the effect is small. Finally, 
fertility is significantly lower for women with more schooling. 
One example of an attempt to control for potential endogeneity of family planning 
programme allocation in Indonesia similar to the studies discussed above uses 
information on how resource allocation decisions are made to model placement of 
family planning services (Molyneaux, Gertler 2000). The identification strategy is based 
on the observation that province governments allocate resources across all districts 
subject to a budget constraint and therefore if the resource allocation increases for one 
district this implies a reduction in resources for another district. Thus, variables that 
shift contraceptive demand in a district within a province influences the allocation of 
resources to other districts in the same province but do not directly affect fertility and 
can therefore be used as instruments. 
For the analysis individual data on fertility, proximate determinants, age, and 
schooling are aggregated to the district level for 286 districts with nine years of 
quarterly data from the Indonesian Demographic and Health Surveys in 1991 and 1994. 
This yields a sample of 10,296 observations for the period 1985/86 to 1993/94. Three 
measures of family planning inputs, also at the district level, are used: public spending 
on contraceptive supplies per eligible married couple; number of public health clinics 
that provide family planning services per 1,000 eligible married couples; and number of 
village contraceptive distribution centres per 1,000 eligible married couples. In addition 
to the family planning variables the model also includes age, schooling, income and 
community-level prices and wages. 
Three models are estimated where the dependent variable is the quarterly district 
birth hazard defined as the proportion of women aged 15-49 who gave birth over a 
three-month period. The first model uses ordinary least squares assuming that all 
independent variables are exogenous. The second model is estimated by fixed effects 
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allowing for time and district specific effects. One drawback of both models is that if 
family planning allocation is not random but rather programme inputs are correlated 
with observed and unobserved determinants of fertility the estimates will be 
inconsistent. To address the possibility of endogenous programme placement the model 
is estimated using an instrumental variable-fixed effects approach with the instruments 
discussed above. In the first-stage equations for contraceptive subsidies, health clinic 
availability, and village distribution centers the F-statistic for all instruments being 
jointly equal to zero is 73, 69, and 20 respectively indicating that the instruments are 
highly relevant. 
For all three models, women who have completed secondary school have 
significantly lower fertility (-0.07 to -1.04), and in the ordinary least squares model 
women who completed primary school also have significantly lower fertility (-0.06). 
When it comes to the impact of family planning on fertility the results vary based on 
whether programme allocation is treated as random or not. Only in the third model that 
accounts for non-random programme placement are the effects of all three measures of 
family planning (contraceptive subsidies, health clinics with family planning, and 
village contraceptive distribution centres) negative although none are significant, which 
is argued to be the result of high multicollinearity among the three family planning 
variables. But together, the three coefficients are significant. 
However, there may be additional reasons for the results on family planning. For 
instance, the analysis covers the period 1985/86 to 1993/94 whereas the family planning 
programme started in 1970 and 1974 in the majority of districts. Also, capturing family 
access to planning services by an input measure such as contraceptive subsidies may be 
problematic if not all resources were used for their intended purpose. Moreover, using 
access of family planning services at the district rather than community level may not 
capture the connection between availability of family planning services and individual 
fertility closely enough. 
An earlier study of fertility in Indonesia does not account for potential non-random 
placement of family planning services but does address the endogeneity of infant 
mortality and the possibility that family planning may influence fertility through 
reduced infant mortality (Barnum 1988). The sample is a cross-section of Indonesia’s 
26 provinces in 1980. Fertility is defined as children ever born to women aged 15-45 
and infant mortality as the proportion of infant deaths per total births and both equations 
use adult illiteracy rates to control for schooling. 
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To estimate consistently the effect of family planning on fertility, the infant 
mortality and fertility equations are estimated simultaneously using two-stage least 
squares. The excluded instrument in the infant mortality equation is the share of 
households with a toilet or latrine; nutritional status measured by daily calories per 
capita; public non-hospital recurrent spending per capita; and public hospital recurrent 
spending per capita. For the fertility equation the excluded instruments are monthly 
household expenditures per capita; share of population that is urban; and public family 
planning spending per capita. The first-stage results are not reported so it is not possible 
to assess whether the instruments are relevant and the exogeneity of some of the 
excluded instruments is unclear. 
The results imply that higher infant mortality is significantly associated with higher 
fertility; that wealthier households have significantly more children but that households 
in urban areas have significantly fewer children; and that higher public spending on 
family planning programmes is significantly related to lower fertility. 
However, one potential issue is that the analysis is conducted at the province level, 
which may be problematic because there is substantial variation in demographic and 
economic characteristics across districts within provinces, and also within districts in 
Indonesia. 
1.3 Conceptual Framework and Determinants of Fertility 
This section begins by briefly outlining the conceptual framework and then discusses 
how the factors, which are the focus of this chapter: family planning, infant mortality, 
and mother’s schooling influence fertility. 
 
1.3.1 Conceptual Framework 
The economic benefits of children include the value of their labour and help they 
provide at home; support in old-age; and risk insurance. The non-economic benefits 
include psychic satisfaction and the desire for the family name to live on. Direct costs of 
children comprise financial costs of child-rearing (for example, cost of food, housing, 
clothing, and schooling), the opportunity cost of parents’ time spent raising their 
children, and potential social costs for parents that have a different desired family size 
than prevailing norm (Becker 1960, Chernichovsky, Meesook 1981, Lloyd, Ivanov 
1988, Schultz 1997). From an economic perspective fertility is determined by couples’ 
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demand for children and so differential fertility rates across couples reflect differences 
in preferences, resources, and costs and benefits of having children.  
The empirical model (Section 1.6) is based on the general fertility model developed 
by Wolpin (1997) that explicitly incorporates infant/child mortality and which is 
reproduced below. In the model, a woman can be in one of three states at each point in 
time,  :   
    if she is not pregnant and not using contraception and zero otherwise; 
  
    if she is not pregnant but is using contraception and zero otherwise; and   
    
if she is pregnant and zero otherwise. The decision each month is whether or not to use 
contraception. A woman becomes infertile at time       and therefore   
    for 
all       where   is the gestation period. The monthly contraceptive use and 
pregnancy history in period   for each woman is: 
(1)            
    
    
where       
    
   and   
        
  . It is assumed that a birth occurs,     , in 
period   if a woman has been pregnant for the gestation period. A woman’s birth history 
is then              and    is the number of children alive in period  . The number 
of surviving children is given by: 
         ∑   
    
     
where  
      if a child of age     is alive at time   and zero otherwise.5 The 
probability that a child will die at the start of period   depends on the mother’s age at 
birth and prior birth-spacing, a couple-specific endowment,   , and a child specific 
endowment,   . A woman’s probability of a pregnancy at time  ,   , depends on her 
past contraceptive and pregnancy history, which allows for efficiency in contraceptive 
use. In this framework, a couple maximizes remaining lifetime utility by choosing 
contraceptive use,     which is costly, and utility each period is state-dependent: 
(3)          
   
          
     
   
          
     
   
          
   
 subject to a budget constraint: 
(4)                       
                                                          
5
 Where     ,          
     
 ,      
      
          
     
    
 . 
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where    is a consumption good and   
  is a random preference parameter for each of 
the three contraceptive use and pregnancy states. 
 
1.3.2 Determinants of Fertility 
Family planning programmes aim to reduce fertility with the objective of improving the 
lives of women and their family members (Schultz 2008). The design of family 
planning programmes vary and some designs may be more effective in general, and 
some may work well in some settings but not in others. For the Indonesian National 
Family Planning Programme (NFPP) the components included: (i) the establishment of 
an effective system for distributing contraceptives; (ii) training, information 
dissemination, and outreach activities to promote the use of contraceptives and smaller 
family size; and (iii) the use of local government and communities to informally 
convince married couples to use contraceptives (McNicoll, Singarimbun 1983). 
The fertility response to exposure to a family planning programme varies with a 
couple’s age, desired family size, current number of children, fecundity, and resources 
(Schultz 2008). The direct cost of family planning includes the financial cost of 
contraceptives, which is frequently too high for poor households and travel costs when 
health centres that provide family planning services are located far away, and these 
costs may outweigh the cost of having an additional child. Increased availability and 
subsidization of family planning can by reducing (or eliminating) these costs contribute 
to lower fertility (Birdsall 1980). 
Households, in particular poorer ones, may be uninformed regarding modern birth 
control methods and of the potential benefits from having fewer children. They may 
also find it challenging to make optimal decisions when the planning horizon is long 
(Das Gupta, Boongarts et al. 2011). To reduce the information gap the design of most 
family planning programmes include methods to disseminate information. For instance, 
access to radio or television through which family planning information is disseminated 
can raise contraceptive use (La Ferrara, Chong et al. 2008, Rogers, Vaughan et al. 
1999). 
Availability of family planning services may also reduce the social cost of having 
fewer children by contributing to a smaller family size norm among relatives and 
friends, and within communities (Chernichovsky, Meesook 1981, Das Gupta, Boongarts 
et al. 2011). The involvement of local communities in the design and operation of 
family planning programmes may also help change family size norms and speed up the 
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acceptance of modern methods of family planning. This component may have been 
particularly pertinent in Indonesia where communities were a vital part of the national 
effort to spread family planning throughout the country (McNicoll, Singarimbun 1983).  
Changes in infant and child mortality are associated with changes in fertility as 
parents alter their behavior in response. There are three main channels through which 
changes in the probability of infant and child survival influences fertility levels: (i) the 
physiological effect; (ii) insurance (hoarding) behaviour; and (iii) replacement behavior 
(Birdsall 1980, Birdsall 1998, Wolpin 1997). 
The physiological effect generally works through the inhibiting effect of 
breastfeeding on fecundity where if an infant that is being breastfed dies this raises the 
probability of another birth (Lloyd, Ivanov 1988, Wolpin 1997). Insurance behaviour 
takes place when couples have more children than they otherwise would in anticipation 
of potential infant and child deaths (Ben-Porath 1980). Finally, replacement behaviour 
occurs when couples replace a child who has died with an additional birth (Lloyd, 
Ivanov 1988, Schultz 1978, Wolpin 1997). 
The three channels tend to vary in importance depending on the availability of 
family planning methods. When family planning methods are unavailable the 
physiological effects tend to dominate; as family planning methods become available 
but infant and child survival probabilities are still relatively low, insurance behaviour 
becomes more important; and finally, when family planning methods are available and 
infant and child survival probabilities are high replacement behaviour becomes 
increasingly common. The effect of increased infant and child survival probabilities on 
fertility may be quite different under insurance and replacement behaviour. Under 
insurance behaviour an increase in survival probabilities can lead to more than a 
compensatory decline in fertility whereas under replacement behavior it can never result 
in a fully compensatory reduction in births (Lloyd, Ivanov 1988).
6
  
Fertility is generally lower for women with more schooling (Becker 1960, Schultz 
1997). There are several reasons why. First, when girls attend school their marriage age 
and age at first birth tend to rise relative to women who do not attend school (Birdsall 
1980, Cleland, Bernstein et al. 2006).
7
 Second, women with more schooling are 
generally better able to obtain and understand information on how to prevent 
                                                          
6
 Since contraceptive methods are never 100 percent safe. 
7
 Assuming that women with more schooling do not have shorter inter-birth intervals, which they 
generally do not (Cleland, Bernstein et al. 2006). 
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pregnancy; more likely to use modern family planning methods; and more effective  
users of family planning methods, although a certain minimum level of schooling may 
be necessary, typically about four years (Birdsall 1980, Cleland 2002, Pörtner, Beegle et 
al. 2011, Rosenzweig, Schultz 1989). 
Third, women are generally the prime care givers and as their schooling levels rise 
and they face improved employment and earnings opportunities, the opportunity cost of 
childrearing increases and they may choose to have smaller families (Chernichovsky, 
Meesook 1981). Fourth, as women’s schooling and incomes rise there is less need for 
children to work either outside or at home, or to have children for old-age security 
(Lloyd, Ivanov 1988). Fifth, women with more schooling and higher incomes may in 
addition trade off more investment (e.g., in child health and schooling) in a smaller 
number of children against a larger number of children in which they invest less 
(Becker, Lewis 1973). 
Any effect of income on fertility will depend on the type of income (e.g., wealth or 
wages) that changes and the relative income (wealth) level of households. Wealthier 
households, where wealth takes the form of income from physical assets and land, tend 
to have more children. This is because increases in the returns to these assets while 
raising household endowments are unlikely to raise the opportunity cost of raising 
children (Schultz 1994, Schultz 2005). However, rises in other types of income such as 
women’s wages may lower fertility as the opportunity cost of childrearing increases due 
to improved labour market and earning opportunities for women (Schultz 2005). 
However, in cases where women’s wages are low, for example, in agriculture, looking 
after children may not entail a loss of income in which case fertility may not decline 
even if income rises (Chernichovsky, Meesook 1981). 
Moreover, in poorer households children frequently work outside home and if they 
in addition do not attend school thereby avoiding the cost of schooling, their income 
may constitute a relatively large share of household income so that parents have more 
children. Finally, in poorer families children are more likely to be expected to support 
parents in old age and if the difference between children’s and women’s wages is 
relatively small, parents may have more children because the child can make up for the 
opportunity cost of childrearing later (Chernichovsky, Meesook 1981). 
In the next section, the Indonesian National Family Planning Programme (NFPP) 
used to examine the effect of family planning exposure at the individual level is 
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described. The Water Supply and Sanitation Programme (WSSP) used as an instrument 
to address the endogeneity of infant mortality is also outlined. 
1.4 The Family Planning and Water Supply & Sanitation 
Programmes 
For the analysis of the effect of family planning exposure on total fertility this chapter 
takes advantage of the Indonesian National Family Planning Programme (NFPP). To 
examine the impact of infant deaths on total fertility, exposure to the Water Supply and 
Sanitation Programme (WSSP) rolled out over the period 1973/74-1978/79 is used to 
identify the impact of infant deaths on fertility. Both theses public programmes are 
described below. 
 
1.4.1 The National Family Planning Programme 
After Independence in 1945 a pronatalist policy was pursued and dissemination of 
information on family planning measures and contraceptive distribution to the public 
was prohibited by law (Chernichovsky, Meesook 1981). In 1967, 75 percent of people 
in Jakarta reported not knowing any method of family planning and modern 
contraceptive methods were not introduced in Indonesia until the NFPP was established 
in 1969 (Cairns Sinquefield, Sungkono 1979, McNicoll, Singarimbun 1983). 
Under the new government that came into power in 1966 the official population 
policy was changed and in 1968 the Government of Indonesia (GOI) formally 
introduced the NFPP with the direct aim of reducing population growth. The NFPP was 
initially rolled out in Java and Bali provinces in 1970, in 10 additional provinces (Aceh, 
North Sumatra, West Sumatra, South Sumatra, Lampung, West Nusatenggara, West 
Kalimantan, South Kalimantan, North Sulawesi, and South Sulawesi) in 1974, and in 
the remaining 11 provinces (Riau , Jambi, Bengkulu, East Nusatenggara, Central 
Kalimantan, East Kalimantan, Central Sulawesi, Southeast Sulawesi, Maluku, Irian 
Jaya, and East Timor) in 1979 (Chernichovsky, Meesook 1981). 
The NFPP had three main components: (i) the establishment of a system for 
distributing contraceptives; (ii) training, information dissemination, and outreach 
activities to promote the use of contraceptives and promote smaller family size; and (iii) 
the use of local government and communities to informally convince married couples to 
use contraceptives ( Hayes, Lewis et al. 2003, McNicoll, Singarimbun 1983). 
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A National Family Planning Coordinating Board (BKKBN) was set up in 1970 to 
design and coordinate the NFPP (Chernichovsky, Meesook 1981). The BKKBN was 
responsible for coordinating the activities of the implementing agencies: the Ministry of 
Health, armed forces, and private organizations (Barnum 1988). 
Medical services were health centre based and took the form of health centre staff 
providing family planning services each week. To reach couples in rural areas, most 
health centres had field workers for door-to-door canvassing and mobile health teams. 
Contraceptive supply depots were also established at village-level to enable effective 
distribution of contraceptives and local community workers were engaged to deliver 
contraceptive supplies and spread the small-family norm (Cairns Sinquefield, Sungkono 
1979, Chernichovsky, Meesook 1981). 
By 1976, there were 2,700 health centres providing family planning services, 20,000 
village contraceptive supply depots, and 15,000 village-level supply groups (Cairns 
Sinquefield, Sungkono 1979). By 1979, the number of health centres offering family 
planning services in Indonesia had reached more than 5,000 (Chernichovsky, Meesook 
1981). Contraceptive use increased rapidly alongside the rollout of health centres 
providing family planning services. In 1971/72, when the NFPP was rolled out in Java 
and Bali the share of eligible couples using contraceptive methods was only 2.8 percent; 
in 1974/75 when the NFPP was expanded to Outer Islands I the share rose to 12. 8 
percent; in 1979/1980 when the NFPP was extended to Outer Islands II thereby 
covering all provinces 30.7 percent of eligible couples used contraceptives, and in 
1984/85, 15 years after the NFPP was established, 63 percent of eligible couples were 
using contraceptive methods (Warwick 1986). 
The national secular trend in total fertility coinciding with the rollout of the NFPP is 
shown in Figure 1, and the corresponding declines in provinces where the NFPP started 
in 1970, 1974, and 1979 respectively are shown in Figure 2, Figure 3, and Figure 4. 
The analysis in this chapter assesses the effects of the first (provision of 
contraceptive) and second (training, information, and outreach) component of the NFPP 
by constructing a measure of exposure to family planning based on the start year of 
posyandus: health centres providing family planning services, in each community, 
combined with the timing of births for women who gave birth over the period 1958 to 
2000 (Section 1.5). According to this measure, the unconditional mean total fertility for 
women unexposed to the NFPP is 4.1 births and for fully exposed women much lower 
at 2.1 births (Table 1 and Table 4). 
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1.4.2 The Water Supply and Sanitation Programme 
In 1970, only 1 percent of the rural and 10 percent of the urban population in Indonesia 
had access to improved water supply, and sanitation and sewage systems were 
inadequate with severe consequences for health outcomes including morbidity and 
mortality rates for waterborne diseases such as cholera, diarrhea, dysentry, and typhoid 
(Sanchez 1979, United Nations Environment Program 1989, World Resources Institute 
1988).
8
 To address the problem the GOI allocated significant resources to improve 
water supply and sanitation  systems under the second-five year development plan 
1973/74-1978/79 (Repelita II). 
The Presidential Instruction (INPRES) water supply and sanitation programme 
(WSSP) used as an instrument for the number of infant deaths was funded by INPRES 
development spending. The grants consisted of transfers from central government to 
local government budgets to support local-level development. Over the period 1973/74-
1978/79, INPRES grants for water supply and sanitation accounted for 2.1 percent of 
total development spending (World Bank 1984), and the funding allocated to the WSSP 
increased substantially over time from US$1.5 million in Repelita I to USS$63.6 
million in Repelita II (Sanchez 1979).
9
 The implementation of the WSSP was the 
responsibility of the Ministry of Health and the Ministry of the Interior. Province and 
district authorities were in charge of constructing the water supply and sanitation 
systems whereas local authorities together with communities were in charge of 
operation and maintenance (Sanchez 1979). 
At the end of the second five-year development plan in 1980, the share of the rural 
population with access to improved water supply had risen from 1 percent to 19 percent 
and the share of the urban population from 10 percent to 35 percent (United Nations 
Environment Program 1989, World Resources Institute 1988).
10
 Among the women in 
the sample not exposed to the WSSP, the mean number of infant deaths is 0.3 compared 
to only 0.12 for women who were exposed to the WSSP (Table 2). 
                                                          
8
 The technologies included in the category improved water supply are: household connection, public 
standpipe, borehole, protected dug well, protected spring, and rainwater collection. 
9
 Repelita I covered the period 1968/69-1972/1973. 
10
 In 2003, roughly 51 percent of the rural population had access to drinking water and 40 percent to 
sanitation . 
26 
 
 
1.5 Sample Characteristics and Data 
This chapter uses data from the Indonesia Family Life Survey (IFLS). Below the 
characteristics of the sample used for the analysis of the effects of family planning 
exposure, infant deaths, and schooling on total fertility are described. The data, variable 
construction, and summary statistics are also discussed. 
 
1.5.1 Sample Characteristics 
The data used for the analysis come from the Indonesia Family Life Survey, a repeated 
socioeconomic and health survey run by the RAND Corporation and the Center for 
Population and Policy Studies of the University of Gadjah Mada in Indonesia. The first 
three rounds of the survey: IFLS1, IFLS2, and IFLS3 conducted in 1993, 1997 and 
2000 respectively are used. The 10,435 households consisting of 43,649 individuals 
interviewed in IFLS3 live in 13 of Indonesia’s 26 provinces, and represent 
approximately 83 percent of the Indonesian population in 1993 (Strauss, Beegle et al. 
2004). The IFLS surveys 13 provinces: Sumatra Utara, Sumatra Barat, Sumatra 
Selantan, Lampung, DKI Jakarta, Java Barat, Java Tengah, DI Yogyakarta, Java Timur, 
Bali, Nusa Tenggara Barat, Kalimantan Selantan, and Sulawesi Selantan, which are the 
most densely populated areas in Indonesia (Annex figure 1). 
The unit of analysis is ever-married women aged 15-49 years at the time of each 
IFLS round for whom all births occurred during the period 1958 and 2000. This reduces 
the sample of 8,270 interviewed ever-married women to 7,120 observations, which 
means that the results may not apply to women who gave birth prior to 1958. After 
removing observations for which all variables required for the analysis are not 
available, the sample is reduced to 3,575 observations. Mean total fertility is lower for 
the women in the analysis sample (2.8) compared to for the 3,545 excluded women 
(3.2) and the mean number of infant deaths is lower for women in the analysis sample 
(0.16) than for the excluded women (0.21), and as a result, the findings may not be valid 
outside the sample. The higher mean total fertility and greater mean number of infant 
deaths for the excluded women is partly due to them being older as schooling of their 
fathers is one of the main limiting variables. 
An additional issue is that the data only include ever married women. However, 
since the vast majority of women in Indonesia marry and childbearing takes place 
almost exclusively within marriage the sample is still closely aligned with the 
underlying target population (Cairns Sinquefield, Mason 2001, Sungkono 1979, BPS 
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1992).
11
  
Another potential issue is that the sample excludes women who never chose to give 
birth so that there may be sample selection bias if the relationship between the 
explanatory variables of interest and fertility decisions for women who never choose to 
give birth is significantly different from that for women who choose to give birth. 
However, most women in Indonesia give birth, for instance, only six percent of women 
aged 45-49 years had never given birth in 1990, implying that any such bias would be 
relatively small (Mason 2001). 
The district level data on the public water supply and sanitation programme for the 
period 1973-1978 and the share of children aged 7-12 years in each district in 1971 
come from administrative records for 1973-1979 (BAPPENAS 1973, 1974, 1975, 1976, 
1978). The IFLS data were merged with the administrative data, a time consuming 
process as several of the 283 districts (kabupaten) changed name, some multiple times, 
between 1971 and 2000 when the third round of the IFLS was fielded. 
 
1.5.2 Data 
The following sections define and describe the data and variables used in the analysis. 
The main variables of interest are family planning exposure, the number of infant 
deaths, and mothers’ schooling and which are discussed in more detail. Descriptions 
and summary statistics for all variables are provided in Table 3 and Table 4. 
 
Total fertility 
The outcome of interest is total fertility for each ever-married woman. Total fertility is 
defined as children ever born for women who gave birth over the period 1958 to 2000. 
This period is chosen to include both women who were and who were not exposed to 
family planning and to the water supply and sanitation programme. The birth history for 
all women was constructed by linking the number of reported births in the 1993, 1997 
and 2000 rounds of the IFLS. 
In the sample, total fertility ranges from 1 to 10 with a mean of 2.8 and a standard 
deviation of 1.9 (Table 4). Figure 6 shows the distribution of total fertility for the 
women in the sample: the most frequent numbers of births is one (29 percent) and two 
                                                          
11
 In 1991, 81 percent of women aged 45-49 years were married, 13.5 percent widowed and 3.8 percent 
divorced (BPS 1992). 
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(27 percent). For the majority, 83 percent of women, total fertility lies between 1-4 
births and a small share, 6 percent, have given birth 7-10 times. 
Table 1 and Table 4 compare total fertility for women who were not, partially, and 
fully exposed to family planning. The raw data show that mean total fertility is higher 
for unexposed women: 4.4 births and partially exposed women: 2.8 births relative to 
fully exposed women: 2.2 births and the differences in total fertility between unexposed 
and partially exposed women, between unexposed and fully exposed, and between 
partially and fully exposed women are significantly different. However, these 
unconditional means do not account for any other differences among women with 
differential exposure to family planning that may also influence total fertility. 
 
Family planning programme allocation and exposure 
The family planning exposure variable takes advantage of the variation in the timing of 
the introduction of posyandus (community sponsored health post that offers family 
planning services including contraceptives and education, across communities in 
Indonesia) and the number of births exposed to the presence of such a post for each 
woman. 
The allocation of family planning activities, captured here by the introduction of 
posyandus, was based on selected indicators: districts with higher morbidity and fertility 
and fewer health posts were intended to receive posyandus first (Aziz 1990), indicating 
that programme allocation was not random with implications for the estimates (Section 
1.6). District level data on morbidity and fertility rates in the early 1970s are not 
available.
12
 Instead, to control for the possible effects of the non-random allocation of 
posyandus, the fraction of children aged 7-12 years in the total population in 1971 for 
each district (ch71_share) is included in the model as a district-level indicator of 
fertility. The district mean share of children age 7-12 years is 27 percent with a low of 
22 percent and a high of 33 percent (Table 4). 
To further address the potential endogeneity of posyandu allocation, district 
dummies are included for each of the 137 districts in the sample in the analysis after 
which the allocation of posyandus is treated as exogenous (Angeles, Guilkey et al. 
2005). The district dummies also help control for district specific effects such as the 
level of economic development that can also influence individual fertility. The smallest 
                                                          
12
 Such data are only available at the province level. 
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number of women in living in any given sample district is 6 and the largest is 118 (DI 
Yogyakarta). The model does not include a variable to account for whether a woman 
lives in a rural or urban district because by construction, a district is either (primarily) 
urban or (primarily) rural so district controls will absorb this potential source of fertility 
variation. However, the difference in total fertility rates across rural and urban areas in 
the 1960s and 1970s were minor (Cairns Sinquefield, Sungkono 1979). 
To generate the measures of family planning exposure the year a posyandu started 
operating in a woman’s community is combined with the year of birth of the first, 
second and last child for each woman.
13
 Data on the community in which a woman’s 
children were born are not available. It is assumed that the community a woman lived in 
at the time of the IFLS survey is the community in which she gave birth meaning that 
the family planning exposure dummies will not capture exposure accurately for women 
who have moved between or after giving birth. To check the potential magnitude of any 
such a problem, data on a woman’s district at the time of her birth and at the time of the 
survey are examined. Among the women in the sample, 78 percent lived in their district 
of birth at the time they participated in the IFLS survey. Among the 22 percent who 
moved, many women are likely to have moved within or to a neighboring district, as 
inter-province migration was low in Indonesia at the time (Chernichovsky, Meesook 
1981). 
Based on the timing of the introduction of a posyandu in the community in which a 
woman lived at the time of the IFLS survey and relative to the date of each of her births, 
three dummy variables for no, partial, and full family planning exposure are 
constructed. Women who had no posyandu present in their community before all their 
births are assigned a value of one for the no exposure family planning dummy; those in 
a community where a posyandu was present for their second and subsequent births are 
assigned a value of one for the partial family planning exposure dummy; and those in a 
community with a posyandu available during all their births are assigned a value of one 
for the family planning full exposure variable. 
Figure 5 shows exposure to family planning and also to the WSSP (see below) for 
women in the sample.
14
 To the right of the vertical line the dotted area indicate women 
not exposed to family planning nor the WSSP and the dark shaded women exposed to 
                                                          
13
 The year of birth of a woman’s first, second, and last child are constructed using data from the three 
IFLS rounds. 
14 Partially exposed women are not shown in the figure for clarity’s sake. 
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family planning but not to the WSSP. To the left of the vertical line the white area 
indicates women exposed both to family planning and the WSSP and the lightly shaded 
area those not exposed to family planning but exposed to the WSSP. For instance, a 
woman for whom all births occurred between 1988 and 1993 in a district in which a 
posyandu was constructed in 1983 and the WSSP was rolled out is captured by the 
white area. 
In the sample, 22 percent of women were not exposed, 19 percent were partially 
exposed, and 59 percent were fully exposed according to the family planning exposure 
variable (Table 4). By construction, the birth year of the first child among the 
unexposed women is earlier than that of the partially and fully exposed ones. The mean 
year of birth for the first and last child among unexposed women is 1975 and 1984; for 
partially exposed women 1983 and 1990; and for fully exposed women 1992 and 1995 
(Table 1). Unexposed women also tend to have less schooling (4.9 years) than partially 
(5.9 years) and fully (7.6 years) exposed women due to the massive expansion of 
primary education in Indonesia during the 1970s and 1980s, which raised enrollment 
substantially for later cohorts. 
Data on community level introduction of posyandus is missing for a number of 
women. As a robustness check, a second set of family planning exposure dummies is 
constructed. For these dummies, women who are missing data on the year a posyandu 
started operating in their community are instead assigned the mean posyandu start year 
for all communities in their district for which the start year is available. This second set 
of family planning exposure dummies are only used as a robustness check (Table 11-
Table 14). 
One advantage of this variable compared to other similar ones used in the literature 
is that for a woman to count as exposed there must be a posyandu in her community 
rather than within a certain distance, for example, 5 or 40 kilometres (Angeles, Guilkey 
et al. 2005, Angeles, Guilkey et al. 1998, Pörtner, Beegle et al. 2011). The disadvantage 
is that a woman who does not have a posyandu in her own community will be assigned 
as not exposed to family planning even if she is attending a posyandu located in a 
neighboring community. Similarly, other family planning activities may have taken 
place at the same time as posyandus were introduced implying that some women treated 
as unexposed in the analysis were actually exposed to family planning, or that some 
women assigned partial exposure were fully exposed. This issue cannot be addressed 
directly and the effect of family planning on total fertility may therefore be 
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underestimated. However, given that the unexposed women consists primarily of 
women who gave birth when few posyandus were available in the country and exposed 
women of those who gave birth when posyandus were becoming commonplace, this is 
likely to be a relatively minor issue. 
If a woman does not accurately recall the year of birth for her first, second, and last 
child, the years used to construct the family planning exposure variable, measurement 
error may bias the estimates by assigning the wrong type of exposure (e.g., fully 
exposed instead of partially exposed) to a woman. Yet, given that the maximum age of 
a woman at the time of interview is 49 years and many women are younger this should 
not be a major concern. 
Programmes may also have cross-effects (Pitt, Rosenzweig et al. 1993). The 
availability of family planning services may reduce not only fertility but also infant 
mortality, for example, if women increase the spacing between births or choose to have 
their first child at a later age than they otherwise would, and also because family 
planning services are provided at posyandus (community sponsored health posts). In 
this case, the effect of family planning exposure will be overestimated. But controlling 
for infant deaths using an instrument will alleviate any such bias. 
 
Infant deaths 
To examine the relationship between infant mortality and total fertility the number of 
infant deaths for each woman is used. An infant death is defined as the death of a child 
between ages 0-12 months. The majority of women in the sample, 88 percent did not 
experience any infant death, 9 percent experienced one infant death, 2 percent two 
infant deaths, and 1 percent three infants deaths (Table 5). The unconditional 
differences in the mean number of infant deaths across unexposed and partially exposed 
women and across unexposed and fully exposed women are significantly different, and 
unexposed women have a higher mean number of infant deaths than either partially or 
fully exposed women (Table 4). 
Simultaneous to the decline in total fertility in Indonesia has been a substantial 
decline in infant mortality from 145 deaths per 1,000 live births in 1971 to 46 deaths per 
1,000 live births in 1999 (Figure 1). If infant deaths and total fertility are determined 
simultaneously, i.e., more infant deaths lead to higher total fertility, for instance, due to 
the wish to replace infants who died, and higher total fertility leads to more infant 
deaths, for example, because of shorter birth spacing intervals or less time to care for 
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each child, then infant deaths will be endogenous in the analysis of total fertility 
(Barnum 1988, Birdsall 1980, Schultz 1997). As a result, ordinary least squares 
estimates of the effect of infant deaths on fertility would be biased upwards. This would 
also be the case because women who have more births experience more deaths since 
“their ‘sample’ size is larger” (Wolpin 1997: 503). 
Infant deaths will also be endogenous if observables that are correlated with infant 
deaths also influence total fertility (e.g., schooling) are excluded from the model 
(Schultz 1978). If there are unobservable factors, for instance, fecundity or taste 
preferences, which affect both infant deaths and total fertility omitted from the model 
these may induce spurious correlations between and infant deaths will again be 
endogenous (Ben-Porath 1980, Schultz 1978).  
Measurement error with respect to the number of infant deaths is expected to be 
minor because arguably most women will recall accurately these events given the 
relatively small number of deaths in each relevant case. To address the potential 
endogeneity of infant deaths the water supply and sanitation programme described in 
Section 1.4 is used to construct an instrument for the number of infant deaths.  
 
Water supply and sanitation programme exposure 
Existing evidence shows that access to safe water supplies and adequate sanitation can 
reduce infant mortality (Gunther, Fink 2011). Under the assumption that access to safe 
water and sanitation only affects fertility through infant deaths, this chapter uses the 
WSSP discussed in Section. 1.4 as an instrument for the number of infant deaths. 
The instrument takes advantage of the variation in the timing and geographical 
allocation of district spending on the WSSP. The instrument is a dummy variable that 
takes the value zero for women for whom all births occurred between 1958 and 1978 
because the WSSP started between 1973/74 and 1978/79, and the value one for women 
for whom all births took place between 1979 and 2000 in a district that participated in 
the WSSP (Figure 5). In cases where some but not all births of a woman occurred after 
the start of the WSSP a value of zero is assigned, i.e., the women are assumed to be 
unexposed. 
In the sample, 78 percent of women were exposed to the WSSP as measured by the 
dummy variable (Table 4). A breakdown of the data into unexposed (and potentially 
partially exposed) women and exposed women shows that the mean number of infant 
deaths is more than twice as high, 0.30, for unexposed women relative to those exposed, 
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0.11 (Table 2). This simple breakdown does not account for any other factors that also 
influence the number of infant deaths. 
The share exposed to the WSSP is greater for women partially exposed to the family 
planning programme (75 percent) and even greater for women fully exposed (98 
percent) than for unexposed women (29 percent) due to the rollout of both programmes 
starting in the 1970s although across different communities/districts (Table 4). The 
validity of the water supply and sanitation instrument is discussed in Section 1.6. 
 
Schooling 
Schooling is defined as the number of years of formal schooling attained by a woman. 
Years of schooling is constructed by combining the reported highest grade and level of 
schooling completed. The Indonesian school system consists of six years of primary 
school, three years of junior secondary school, three years of senior secondary school, 
and higher education/university that ranges from two years and up (Angeles, Guilkey et 
al. 2005). 
Mean years of schooling for women in the sample is 6.7 with a standard deviation of 
4.1 years. Schooling ranges from 0 (no education) to 18 years (university education) 
with schooling heaped around no schooling (11 percent), complete primary school (30 
percent), complete junior secondary school (13 percent), complete senior secondary 
school (17 percent), and university (4 percent) (Figure 7). 
Mean schooling is 4.9 years for women unexposed to family planning, 5.9 years for 
partially exposed women, and 7.6 years for fully exposed women (Table 4). The higher 
schooling on average for partially and fully exposed women is due to the primary 
school construction programme (SD INPRES) that began in 1973/74 and the ensuing 
increase in school enrollment and attainment. 
Schooling is another potentially endogenous variable in the analysis of total fertility. 
It will be endogenous if there is unobserved heterogeneity, for instance, innate ability or 
preferences, which affects both schooling levels and total fertility (Schultz 2008, Sander 
1992). Schooling may also be measured with error when recall periods become longer, 
which would also bias estimates (McCrary, Royer 2011). To deal with the possible 
endogeneity of schooling, years of schooling of the fathers to the women who give birth 
is used as the excluded instrument. 
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Father’s schooling 
Fathers’ schooling is defined the same way as their daughters’ schooling: the formal 
years of schooling attained. To address the potential endogeneity of women’s schooling 
their father’s years of schooling is used to capture exogenous variation in schooling. A 
larger share of fathers, 28 percent, has no schooling compared to their daughters, 11 
percent. Moreover, mean years of schooling for fathers is 4.4, also substantially lower 
than the mean schooling of their daughters due to the expansion of primary schooling 
since the 1970s. 
Another possible instrumental variable for schooling is provided by the massive 
primary school construction programme 1973/74 to 1978/79 (Breierova, Duflo 2003). 
But this instrument cannot be used for the analysis in this chapter because of the timing 
of the family planning and primary school construction programmes being close in time 
so that many women exposed to the school construction programme would be too 
young to have given birth or have given birth multiple times at the time of the 
interview. The validity of the instrument for schooling is considered in Section 1.6. 
 
Household wealth 
To examine the effect of household wealth on total fertility a wealth index is included in 
the model. The index is constructed based on the ownership or availability of six items: 
electricity; piped water; separate toilet with a septic tank; refrigerator; electric or gas 
stove; and television set. Each item is assigned a weight equal to the inverse of the 
fraction of households that own it so that rarer items receive a larger weight. 
The measure of wealth is used instead of household income or consumption, first, 
because the data available for each woman on household assets, income, and 
consumption refer to the year of the survey, which frequently does not coincide with the 
timing of a woman’s births. Therefore a measure that tends to change less quickly over 
time such as the wealth index is preferred to household income or consumption. 
Second, using the wealth index largely avoids the recall bias and measurement error 
commonly associated with income and consumption (McKenzie 2005). 
The mean wealth index is 5.8 (Table 4). At the two extremes, 7.0 percent of the 
women in the sample do not own or have access to any of the six items whereas 2.8 
percent own or have access to all six. Most households, 92 percent, has access to 
electricity and has a television set, 62 percent (Table 6). About half, 46 percent of the 
women live in households that have a toilet with septic tank but only 26 percent have 
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piped water, and even smaller shares, 13 percent and 12 percent respectively have a 
refrigerator, or an electric or gas stove. 
 
Other public programmes and the fertility trend 
If there were any other programmes rolled out at the same time as the family planning 
programme that also affected total fertility and these are not accounted for the estimates 
of effect of family planning will be biased. The large-scale primary school construction 
programme that started in 1973/74 partly overlapped with the rollout of family planning 
services and to control for the possibility that the school construction programme 
affected total fertility the fraction of children age 7-12 years enrolled in primary school 
in each district is included in the model. This variable is used because the school 
programme was targeted at districts with relatively fewer children enrolled and with 
relatively fewer schools (Aziz 1990). 
To capture the observed secular trend in total fertility in Indonesia since the early 
1970s dummy variables for each woman’s decade of birth are included in the model 
(Figure 1). The women in the sample are born in the 1940s (7 percent) up until the 
1980s (4 percent) (Table 4) and mean total fertility for the sample declines with each 
decade of birth as expected. 
In the next section the empirical approach used to estimate the total fertility 
equation and estimation issues such as non-random family planning programme 
placement and endogenous variables are discussed. 
1.6 Empirical Methodology 
In this section the endogenous allocation of posyandus; the validity of the instruments 
for infant deaths and mother’s schooling; and choice of estimation methods are 
discussed. The outcome of interest is total fertility and since this is a count variable, 
maximum likelihood is used to estimate a simple Poisson model followed by a two-
stage instrumental variable approach to account for the likely endogeneity of infant 
deaths and mother’s schooling. 
 
1.6.1 Allocation of Family Planning Services 
Under the assumption that the allocation of posyandus was random the model would 
provide estimates of the effect of family planning exposure on total fertility. However, 
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if the allocation of posyandus is targeted the effect of family planning exposure will be 
biased (Rosenzweig, Wolpin 1986). The direction of any such bias will depend on the 
criteria used for the targeting: if family planning services are targeted to areas with the 
greatest need for family planning (districts with high fertility) the effect will be 
underestimated but if they are targeted toward areas with the greatest demand for family 
planning the effect will be overestimated (Angeles, Dietrich et al. 2001, Molyneaux, 
Gertler 2000, Pitt, Rosenzweig et al. 1993). 
In Indonesia, family planning services were targeted toward areas with higher 
fertility and morbidity (Aziz 1990, Das Gupta, Boongarts et al. 2011, Molyneaux, 
Gertler 2000), and therefore the effect of family planning exposure will likely be 
underestimated. Evidence on the effect of family planning on fertility in Indonesia find 
that after controlling for province specific effects, family planning programme 
allocation can be treated as exogenous (Angeles, Guilkey et al. 2005). Therefore, to 
control for the non-random allocation of posyandus providing family planning services 
the model includes district dummies (Section 1.5). To further address issue, the fraction 
of children age 7-12 years old in each district in 1971 is included as an indirect measure 
of initial district fertility. 
 
1.6.2 Validity of the Instruments 
For the water supply and sanitation programme to be a valid instrument it must be 
highly correlated with the endogenous variable (relevance), in this case the number of 
infant deaths, and it must not be correlated with the error term in the total fertility 
equation (exogeneity). 
The simple correlation between the number of infant deaths and water supply and 
sanitation exposure is -0.154 and statistically significant at one percent. The instrument 
relevance can be tested and shows that the excluded instrument is relevant (Section 1.7). 
For the excluded instrument to be exogenous, water supply and sanitation programme 
exposure must only affect total fertility through the number of infant deaths. The 
exogeneity assumption cannot be directly tested since the number of excluded 
instruments equals the number of endogenous variables. Nevertheless, that the water 
supply and sanitation programme is exogenous is a plausible assumption, particularly, 
since exposure is measured at the district level. If there were other public programmes 
correlated with the water supply and sanitation programme that also affect total fertility 
the estimates would be biased. However, the family planning programme is directly and 
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the primary school construction programme indirectly controlled for as these 
programmes may also affect total fertility. 
Schooling of fathers is used as an instrument and it is valid if it is highly correlated 
with their daughters’ levels of schooling and only influences total fertility through the 
schooling of their daughters. The unconditional correlation between schooling and 
father’s schooling is 0.574 and significant at one percent suggesting that father’s 
schooling is a relevant instrument; this is confirmed by testing in Section 1.7. 
Similar to the water supply and sanitation instrument, the assumption of exogeneity 
cannot be tested directly. However, in this case it appears reasonable to assume that 
father’s schooling may not directly affect total fertility other than through the schooling 
of their daugthers. A father’s ability is correlated to his schooling and his ability may in 
turn be correlated with his daughter’s ability. If this is  the case, father’s schooling  
would be correlated with the error term in the total fertility equation biasing the estimate 
of the effect of schooling on total fertility. The reason to expect any such bias to be 
relatively minor  is because during the period when the fathers in the sample were of 
school-age, income and social class would arguably have been more important in 
determining years of schooling than ability. This is because this was before the start of 
the massive public primary school construction programme when only a small share of 
the total population attended school.  
  
1.6.3 Empirical Total Fertility Model: The Benchmark 
The first model is a reduced form model, which estimates the total effect of family 
planning exposure but does not reveal anything about the channels, for instance changes 
in contraceptive use, through which family planning influences total fertility. The other 
main variables of interest: the number of infant deaths and mother’s schooling are 
added in subsequent specifications to examine whether they also affect total fertility. 
Since the dependent variable, the total fertility of each woman is a count variable a 
Poisson model is used (Figure 6).
15
. The total fertility model is specified as follows: 
                                                                      
i=individual 
j=district of first birth 
k=decade of mother’s birth 
                                                          
15
 Based on a likelihood ratio test of overdispersion the Poission model is preferred to a negative binomial 
model (Long, Freese 2006). 
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tfrijk = total fertility 
   = constant 
j = district of first birth 
k = decade of mother’s birth 
fpijk = family planning exposure 
infanti=number of infant deaths 
si=mother’s schooling 
wi= household wealth index 
chj = fraction of district population aged 7-12 years in 1971 
enj=fraction of children enrolled in primary school in 1971 
    = unobservables (e.g., fecundity of family size preferences) 
 
1.6.4 Empirical Total Fertility Model: A Two-Stage Approach 
To address the potential endogeneity of the number of infant deaths and schooling a 
two-stage approach with the water supply and sanitation programme and father’s 
schooling as the excluded instruments is used. In the first-stage, the number of infant 
deaths is regressed on all the exogenous variables including the water supply and 
sanitation programme, and mother’s schooling is regressed on all the exogenous 
variables including father’s schooling to generate the fitted values for the second-stage 
total fertility regression. In equation 7,    measures the effect of family planning 
exposure;    the effect of infant deaths; and    the effect of mother’s schooling on total 
fertility. The first-stage equation for infant deaths takes the form: 
                                                                         
         = number of infant deaths 
      = water supply and sanitation programme exposure 
   =schooling of father of woman who gave birth 
    =unobservables (e.g., mother’s ability to care for her child and mother’s health during pregnancy) 
All other variables defined as above 
 
The first-stage schooling equation is given by: 
                                                                   
    =unobservables (e.g., innate ability) 
All other variables defined as above 
 
The outcome equation for total fertility is then: 
                                        ̂       ̂                         
      ̂  =predicted number of infant deaths 
 ̂ =predicted schooling of mother 
All other variables defined as above 
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The identification comes from        and     in the first-stage. For the estimates to 
measure the effect of family planning exposure on total fertility it is necessary to 
assume that family planning programme allocation is not correlated with any 
unobserved area characteristics, which is plausible given the included district and 
decade controls. 
The schooling equation is estimated by ordinary least squares. However, given the 
heaping of schooling at the completion of each level of schooling (Section 1.5 and 
Figure 7), the schooling equation is also estimated using a negative binomial model. 
The first-stage coefficients have the same signs and significance as the ordinary least 
squares estimates but differ somewhat in size. However, the second stage coefficients 
are highly similar in all respects. Given the similarity of the estimates, the fitted values 
from the first-stage ordinary least squares schooling regression are used in the second-
stage total fertility regression. 
Family planning exposure and water supply and sanitation exposure both vary at the 
district level, therefore to allow for correlation in the error structure for women within 
district all standard errors are clustered at the district level. 
The next section presents the findings on the effect of family planning exposure, the 
number of infant deaths, and mother’s schooling on total fertility. 
1.7 Results and Discussion 
In this section the maximum likelihood estimates of the benchmark Poisson model are 
presented first. Then the two-stage estimates using the water supply and sanitation 
programme and father’s schooling as instruments for the number of infant deaths and 
schooling respectively are discussed and compared to the benchmark results. 
 
1.7.1 Results from the Benchmark Model 
Table 7 shows the results for the reduced form estimations; the specifications that 
include the number of infant deaths and schooling; and those that add wealth, for the 
sample of 3,575 women. 
Columns 1-3 contain the reduced form estimates of the overall effect of family 
planning exposure on total fertility. The first column includes the fraction of children 
age 7-12 years in each district in 1971 to account for the endogenous allocation of 
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family planning services (posyandus), and the fraction of children enrolled in primary 
school in each district in 1971 to control for the large-scale school construction 
programme. The second column adds the district dummy variables to further control for 
the endogenous family planning allocation and other district specific effects. The third 
column adds the mother’s decade of birth dummies to account for the secular trend in 
total fertility. In columns 4-6 the endogenous variables: the number of infant deaths and 
schooling are entered, and finally, in columns 7-9 the wealth index is included. 
Given the likely endogeneity of family planning allocation and the observed 
downward trend in total fertility in Indonesia over time, the specifications that include 
district and decade dummies are the preferred ones and are discussed in detail (columns 
3, 6, and 9). 
Starting with family planning exposure it is clear that women who were exposed 
whether partially or fully, have significantly lower total fertility, and that the effect of 
family planning exposure on total fertility is relatively large. According to the reduced 
form estimates, expected total fertility is lower by a factor of 0.80 (21 percent) for 
partially exposed women and by a factor of 0.76 (24 percent) for fully exposed women 
holding all other variables constant (column 3). The negative relationship between 
family planning and fertility is in line with existing individual level studies (Angeles, 
Dietrich et al. 2001, Angeles, Guilkey et al. 2005, Joshi 2011, Pörtner, Beegle et al. 
2011, Rosenzweig, Wolpin 1982). 
After including infant deaths and mother’s schooling, the effect of family planning 
is somewhat reduced.
16
 Now being partially exposed to family planning reduces mean 
total fertility by a factor of 0.82 (18 percent) and being fully exposed by a factor of 0.80 
(20 percent) with all other variables kept constant (column 6). The proportional effects 
are smaller than those from the reduced form model as would be expected given the role 
of infant deaths and mother’s schooling in total fertility decisions and this underlines 
the importance of accounting for these variables to obtain consistent estimates of the 
effect of family planning. That total fertility of women who were fully exposed to 
family planning is reduced by more than for women who were partially exposed 
provides reassurance that the constructed measure of family planning exposure is 
working as intended. 
                                                          
16
 As a check, the specification in column 9 in Table 7 is estimated but replacing infant deaths by water 
supply and sanitation programme exposure and the coefficient on wss programme exposure is not 
statistically significant. 
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More schooling is also associated with lower total fertility. A one unit increase in 
schooling reduces expected total fertility by a factor of 0.98 (2.2 percent) holding all 
other factors constant. The significant negative effect of mother’s schooling is found in 
most of the empirical literature (Angeles, Guilkey et al. 1998, Joshi 2011, Molyneaux, 
Gertler 2000, Pitt, Rosenzweig et al. 1993,), although there are exceptions (Pörtner, 
Beegle et al. 2011). 
By contrast, women who have experienced more infant deaths have higher total 
fertility: a one unit increase in the number of infant deaths raises mean total fertility by 
a factor of 1.24 (24.4 percent) holding the other variables constant, supporting the idea 
that women have more children to replace children who die. This is similar to other 
studies both international and for Indonesia (Barnum 1988, Lee, Schultz 1982, 
Mauskopf, Wallace 1984, Olsen 1980). 
The final specification includes wealth, which has a significant but small positive 
effect on total fertility. A one standard deviation (5.6) increase in wealth (as measured 
by the wealth index) raises total fertility by a factor of 1.0 (0.4 percent) holding all other 
variables constant. Other studies also find that wealthier households (those with more 
assets, not higher income) tend to have higher fertility (Barnum 1988, Schultz, Joshi 
2007). The inclusion of wealth does not change the results on family planning exposure, 
infant deaths, and mother’s schooling (column 9). 
Including the dummy variables for the decade of birth for each woman reduces the 
estimated effect of family planning on total fertility. This strongly suggests that failure 
to control for the downward trend in total fertility over time would overestimate the 
effect of family planning exposure on total fertility. The inclusion of the district and 
decade controls also improves the overall fit of the model. 
Overall, the evidence presented so far strongly suggests that total fertility is lower 
for women exposed to family planning and who have more schooling, and that total 
fertility is higher for women who have experienced more infant deaths and who are 
wealthier although the latter effect is small. 
It remains to address the endogeneity of infant deaths and mother’s schooling in 
order to assess the causal effect of these on total fertility, and to examine the effect of 
family planning on total fertility after these adjustments. 
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1.7.2 Instrumental Variable Results 
The number of infant deaths and mother’s schooling are assumed to be endogenous as 
discussed above and testing corroborates this.
17
 To address the endogeneity of infant 
deaths and schooling and examine their causal effect on total fertility a two-stage 
instrumental variable approach is used. In the first-stage, exposure to the water supply 
and sanitation programme is used as the excluded instrument for the number of infant 
deaths and father’s schooling is used as the excluded instrument for schooling of the 
women who give birth.  
The distribution of the number of infant deaths is a count variable (Table 5) and 
testing shows that a negative binomial model is preferred to a Poisson model due to 
overdispersion (Long, Freese 2006).
18
 The first-stage schooling equation is estimated by 
ordinary least squares and the fitted values used in the second-stage total fertility 
regressions schooling (Section 1.6). 
Table 8 shows the first-stage regressions with the number of infant deaths as the 
dependent variable. Water supply and sanitation programme exposure is always 
negatively and significantly related to the number of infant deaths and being exposed to 
the water supply and sanitation programme reduces infant deaths by a factor of 0.65 (35 
percent) holding all other variables constant in the preferred specification that includes 
district and decade dummies (column 3). 
The other explanatory variables also have the expected signs: exposure to family 
planning (partial or full), being a woman with a more schooled father, and being 
wealthier are all significantly associated with fewer infant deaths. 
With respect to effect size, for the family planning programme being partially 
exposed implies a 35 percent decrease in the number of infant deaths and being fully 
exposed a 14 percent reduction although the latter is not significant in the preferred 
specification (column 3). For a one standard deviation (3.8 years) increase in the years 
                                                          
17
 In a regression of the number of infant deaths on total fertility, schooling, wealth, exposure to the water 
supply and sanitation programme, exposure to the family planning programme, and controlling for district 
and decade of birth for the 3,575 women, higher total fertility is highly significantly associated with more 
infant deaths. This indicates that total fertility and the number of infant deaths are determined 
simultaneously. In a similar regression but with schooling as the dependent variable total fertility is 
highly significantly associated with schooling implying that there is some unobservable factor that 
determines both schooling and total fertility that is omitted from the model. To assess whether the number 
of infant deaths is endogenous a generalized Hausman test is used and for schooling a standard Hausman 
test (Davidson, MacKinnon 1993, Grogger 1990). 
18
 There is significant evidence of overdispersion according to the likelihood ratio test G
2
=(lnLNBM-
lnLPoisson) with a Chi
2
 distribution adjusted for truncation (Long, Freese 2006). 
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of schooling of a woman’s father, the number of infant deaths is 4 percent lower 
holding all other variables constant. 
Finally, a one standard deviation (5.6) rise in the wealth index reduces the number 
of infant deaths by nearly 4 percent. In terms of effect size, the most important 
determinants of the number of infant deaths are therefore exposure to the water supply 
and sanitation programme and being partially exposed to the family planning 
programme. 
As these are negative binomial regressions, to assess the strength of the excluded 
instrument a likelihood ratio test is used instead of the standard F-statistic. According to 
the test the instrument is highly relevant in all three specifications indicating there is no 
reason to expect bias due to weak correlation between the water supply and sanitation 
programme and the number of infant deaths (Bound, Jaeger et al. 1995, Staiger, Stock 
1997).
19
 
The estimates from the first-stage schooling equation are shown in Table 9. 
Schooling of fathers to the women who give birth is always positively and significantly 
associated with schooling; one standard deviation increase (3.8 years) in father’s 
schooling implies a 1.4 year increase in daughter’s schooling controlling for other 
factors. The F-statistic is 28.0 in the preferred specification indicating that the 
instruments are highly relevant (column 3) (Bound, Jaeger et al. 1995, Staiger, Stock 
1997). 
There is no significant relationship between being partially exposed to the family 
planning programme and schooling. But full family planning exposure and schooling 
are positively and significantly related although this effect is relatively small at an 
additional 0.62 years of schooling. Being exposed to the water supply and sanitation 
programme is also associated with significantly more schooling and women from 
wealthier households have significantly more schooling as expected. A one standard 
deviation increase in the wealth index (5.6) implies an additional 1.3 years of schooling 
holding other factors constant. Such a wealth increase would be equivalent, for 
example, to a woman who currently owns none of the six assets included in the wealth 
index to acquire piped water and a toilet, or to acquire a refrigerator, a large change in 
wealth. 
                                                          
19
 The model is run with and without the water supply and sanitation programme variable to generate a 
likelihood ratio test of the significance of the instrument. 
44 
 
 
Table 10 presents the second-stage estimates of the effect of family planning 
exposure, infant deaths, and mother’s schooling on total fertility obtained by estimating 
a Poisson model. The standard errors are bootstrapped to account for the two-step 
estimation process. The results are similar in terms of direction and significance to those 
from the benchmark Poisson model discussed above (Table 7). Total fertility is 
significantly lower for women who: were exposed to the family planning programme; 
have experienced fewer infant deaths; have more schooling; and are less wealthy.
20
 
Focusing on the preferred specification (column 3) that includes district and decade 
controls, expected total fertility of women, both those partially and those fully exposed 
to family planning is lower by a factor of 0.84 (16 percent) holding all other factors 
constant. For partially exposed women the effect size is similar to that in the benchmark 
model, however, for fully exposed women the effect is smaller in proportional terms. 
Together the benchmark and instrumental variable results strongly suggest that the 
introduction and expansion of family planning services in Indonesia contributed to 
lower total fertility. 
More infant deaths lead to higher total fertility, arguably as women replace children 
they have lost. The effect is relatively large: a one unit increase in the number of infant 
deaths increases total fertility by a factor of 1.15 (15 percent) this is compared to the 
benchmark model (Table 7) where a one unit increase in the number of infant deaths is 
associated with an increase in total fertility by a factor of 1.25 (25 percent) holding all 
other factors constant. This indicates that failure to address the endogeneity of infant 
deaths would bias the estimates upward. 
More schooling causes lower total fertility. A one unit increase in mother’s 
schooling reduces total fertility by a factor of 0.97 (3.0 percent), which is larger than the 
effect in the benchmark model where one additional year of schooling is associated with 
a 2.4 percent reduction in expected total fertility. The effect of mother’s schooling is 
much smaller than that of both family planning exposure and the number of infant 
deaths. 
Similar to the results from the benchmark model, being wealthier is not significantly 
associated with total fertility in the preferred specification (column 3) although it is in 
                                                          
20 
The regressions are also run restricting the sample to women who are 35+ and therefore should have 
complete or nearly complete fertility histories. The results are similar to those for the main sample 
indicating that censored fertility histories do not bias the findings from the main sample. 
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the model that does not control for decade of birth (column 2). This is arguably due to 
the positive trend in income and wealth over the time period under examination. 
The share of children aged 7-12 years in each district is only significant in the 
model that does not account for district and decade of birth (column 1) suggesting that 
the district dummies provide better controls for non-random placement of the family 
planning programme. Likewise, district level primary school enrollment in 1971 is only 
significant in the specification that excludes district and decade dummies. 
To examine the robustness of the results to a change in the sample the same 
regressions are run but using an adjusted family planning exposure variable that allows 
the sample to be increased to 4,809 women. For this measure of family planning 
exposure, women who were previously omitted from the analysis because data on 
which year a posyandu started operating in their community is missing are assigned as 
unexposed or exposed based on the mean posyandu start year in their district. This is 
clearly a less accurate measure of family planning exposure but serves to provide a 
robustness check. 
Comparing the estimates for the benchmark model (Table 7) and the corresponding 
model for the larger sample (Table 11) the findings are comparable. Being partially 
exposed to family planning reduces total fertility by a factor of 0.77 (23 percent) and 
fully exposed by a factor of 0.81 (19 percent) using the alternative measure of family 
planning compared to a factor of 0.83 (18 percent) and 0.80 (20 percent) respectively 
for the benchmark model. As expected the difference in results is larger for partially 
exposed women who are those affected by the adjustment of the variable definition. 
Having experienced more infant deaths and having less schooling are each significantly 
associated with lower total fertility and the effect sizes are nearly the same. 
In the first-stage regressions of infant deaths (Table 12), the results are similar to 
those for the main sample (Table 8). However, in the preferred specification that 
includes decade and district of birth controls (Table 12, column 3), the water supply and 
sanitation variable is only significantly related to the number of infant deaths at the 11.5 
percent level but the likelihood ratio test strongly suggests that the water supply and 
sanitation programme variable is a relevant instrument.
19
 In the first-stage regressions of 
schooling all results remain practically the same and the instruments are highly relevant 
(F-statistic of 35) (Table 13). 
Table 14 shows the second-stage results for total fertility. The results of family 
planning exposure (partial and full) are nearly identical to those for the main sample 
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(Table 10) with total fertility of exposed women being significantly lower. As before, 
more schooling causes lower total fertility, and having experienced more infant deaths 
leads to higher total fertility. 
Overall, the results provide strong support that the family planning programme in 
Indonesia contributed to lower total fertility and evidence of a causal link from higher 
infant mortality to higher total fertility and from more schooling to lower total fertility. 
1.8 Conclusion 
Indonesia established a national family planning programme in 1969 and total fertility 
has declined rapidly since but there is little consensus over the relative contribution of 
family planning to the observed decline. This chapter empirically examines the 
effectiveness of family planning in reducing total fertility at the individual level in 
Indonesia and the findings strongly suggest that family planning contributed to the 
fertility decline. This main result compares to that of a recent study of the effect of 
family planning of fertility in Ethiopia that uses a similar approach to capture exposure 
to family planning and finds that it reduces fertility (Pörtner, Beegle et al. 2011). 
This chapter also assesses the causal effect of infant mortality on total fertility, 
which few studies have done because of the difficulty in identifying suitable 
instruments. However, this chapter takes advantage of a public water supply and 
sanitation programme implemented in staggered fashion across districts in Indonesia to 
capture exogenous variation in infant mortality. This instrument is chosen based on the 
idea that increased access to clear water and sanitation increases the probability of 
infant survival. The results strongly indicate that increases in the number of infant 
deaths causes higher total fertility. 
The causal effect of mother’s schooling on total fertility has previously been 
evaluated by one other study for Indonesia (Breierova, Duflo 2003). This chapter uses 
an alternative instrument, the schooling of fathers of the women who give birth, to 
capture exogenous variation in schooling and finds that more schooling causes lower 
total fertility. 
Although this chapter shows that family planning contributes to lower fertility 
together with reductions in infant deaths and improvements in women’s schooling, it 
does not reveal the mechanisms through which this occurs. Therefore, additional 
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research is required to understand what the underlying mechanisms are and in what 
settings and forms family planning programmes are most effective in reducing fertility. 
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Table 1. Mean total fertility by family planning exposure 
 
 
 
Table 2. Mean infant deaths by WSSP exposure 
 
 
not exposed partially exposed fully exposed
mean total fertility
1 4.4 2.8 2.2
mean schooling 4.9 5.9 7.6
mean birth year first child 1975 1983 1992
mean birth year last child 1984 1990 1995
observations 814 669 2092
Note: 1. Total fertility defined as children ever born for each woman. 
Family planning
not exposed
1 fully exposed
mean number of infant deaths 0.30 0.12
observations 779 2796
Water supply and sanitation programme
Note: 1. This group also includes women who were potentially partially exposed to the 
water supply and sanitation programme.
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Table 3. Variable description 
 
 
Variable Description
decade dummy variable for decade of birth for each woman
district dummy variable for first child's district of birth
FP exposure 2, full
dummy variable that takes value 1 if woman fully exposed to family planning, 0 otherwise,  
(district mean posyandu start year for women missing community level posyandu start year)
FP exposure 2, partial
dummy variable that takes value 1 if woman partially exposed to family planning, 0 otherwise 
(district mean posyandu start year used for women missing community level posyandu start year)
FP exposure, full
dummy variable that takes value 1 if woman fully exposed to family planning, 0 otherwise 
(community level posyandu start year)
FP exposure, partial
dummy variable that takes value 1 if woman partially exposed to family planning, 0 otherwise 
(community level posyandu start year)
infant deaths number of children who died between ages 0-12 months for each mother
proportion enrolled in 1971 fraction of children enrolled in primary school in 1971 in each district
proportion of children in 1971 fraction of population aged 7-12 years in 1971 in each district
schooling years of schooling for each mother
father's schooling father's years of schooling for each woman who gave birth
total fertility children ever born for each woman
wealth
based on household access to or ownership of each of six components: electricity; piped water; separate toilet 
with a septic tank; refrigerator; electric or gas stove; and television set and each component assigned a weight 
equal to the inverse of the fraction of household that have that particular component
WSS pgm exposure
water supply and sanitation programme exposure for each woman; 0 if not exposed or potentially partially 
exposed, 1 if fully exposed
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Table 4. Sample summary statistics 
 
 
Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
father's schooling 4.4 3.8 3.2 3.6 4.0 3.7 5.1 3.7
FP exposure, full 0.59 0.49 0 0 0 0 1 0
FP exposure, partial 0.19 0.39 0 0 1 0 0 0
infant deaths 0.16 0.48 0.30 0.65 0.14 0.44 0.11 0.39
proportion enrolled in 1971 0.16 0.06 0.17 0.08 0.16 0.06 0.16 0.06
proportion of children in 1971 0.27 0.02 0.27 0.02 0.27 0.02 0.27 0.02
schooling 6.7 4.1 4.9 3.9 5.9 4.1 7.6 3.9
total fertility 2.8 1.9 4.4 2.0 2.8 1.7 2.2 1.5
wealth 5.8 5.6 6.3 6.1 5.6 5.4 5.8 5.5
WSS pgm exposure 0.78 0.41 0.29 0.46 0.75 0.43 0.98 0.14
decade 1940 0.07 0.26 0.23 0.42 0.06 0.24 0.01 0.11
decade 1950 0.21 0.41 0.49 0.50 0.27 0.44 0.09 0.28
decade 1960 0.35 0.48 0.24 0.43 0.46 0.50 0.35 0.48
decade 1970 0.33 0.47 0.04 0.19 0.19 0.39 0.48 0.50
decade 1980 0.04 0.20 0.00 0.00 0.01 0.12 0.07 0.25
Observations
Family planning
3575 814 2092
Full sample Unexposed Fully exposedPartially exposed
669
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Table 5. Frequency of infant deaths 
 
 
 
Table 6. Share of households with each wealth component 
 
 
 
Number of infant deaths Observations Percent
0 3138 88
1 331 9
2 77 2
3 29 1
3,575 100
Wealth component Percent
electricity 92
television set 62
toilet with septic tank 46
piped water 26
refrigerator 13
electric or gas stove 12
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Table 7. Benchmark total fertility regressions (main sample) 
 
 
(1) (2) (3) (4) (5) (6) (7) (8) (9)
tfr tfr tfr tfr tfr tfr tfr tfr tfr
FP exposure, partial -0.4368*** -0.4414*** -0.2307*** -0.3526*** -0.3528*** -0.1947*** -0.3379*** -0.3398*** -0.1940***
(0.0330) (0.0329) (0.0288) (0.0317) (0.0321) (0.0278) (0.0314) (0.0321) (0.0277)
FP exposure, full -0.7113*** -0.7767*** -0.2791*** -0.5655*** -0.6122*** -0.2286*** -0.5385*** -0.5844*** -0.2270***
(0.0239) (0.0270) (0.0304) (0.0266) (0.0295) (0.0297) (0.0265) (0.0301) (0.0297)
infant deaths 0.2686*** 0.2589*** 0.2184*** 0.2713*** 0.2615*** 0.2196***
(0.0147) (0.0174) (0.0141) (0.0148) (0.0170) (0.0141)
schooling -0.0293*** -0.0355*** -0.0226*** -0.0376*** -0.0421*** -0.0246***
(0.0033) (0.0037) (0.0031) (0.0034) (0.0039) (0.0031)
wealth 0.0128*** 0.0138*** 0.0038
(0.0021) (0.0025) (0.0025)
proportion of children in 1971 Y Y Y Y Y Y Y Y Y
proportion enrolled in 1971 Y Y Y Y Y Y Y Y Y
district Y Y Y Y Y Y
decade Y Y Y
Prob > chi2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pseudo R-squared 0.070 0.092 0.140 0.102 0.122 0.157 0.105 0.124 0.157
Observations 3575 3575 3575 3575 3575 3575 3575 3575 3575
Poisson
Robust standard errors in parentheses. Standard errors clustered at district level. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant.
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Table 8. First-stage infant deaths regressions (main sample) 
 
 
(1) (2) (3)
infant deaths infant deaths infant deaths
FP exposure, partial -0.5796*** -0.5406*** -0.4231***
(0.1721) (0.1624) (0.1605)
FP exposure, full -0.6035*** -0.5455*** -0.1389
(0.1637) (0.1640) (0.1799)
WSS pgm exposure -0.4615*** -0.6168*** -0.4317**
(0.1508) (0.1530) (0.2117)
father's schooling -0.0618*** -0.0590*** -0.0425***
(0.0162) (0.0151) (0.0152)
wealth -0.0481*** -0.0368** -0.0439***
(0.0132) (0.0144) (0.0141)
proportion of children in 1971 Y Y Y
proportion enrolled in 1971 Y Y Y
district Y Y
decade Y
Prob > chi2 0.000 0.000 0.000
Pseudo R-squared 0.046 0.120 0.138
Observations 3575 3575 3575
Negative binomial
Robust standard errors in parentheses. Standard errors clustered at district level. 
***p<0.01, **p<0.05, *p<0.1. All regressions include a constant.
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Table 9. First-stage schooling regressions (main sample) 
 
 
(1) (2) (3)
schooling schooling schooling
FP exposure, partial 0.2110 0.2656 0.0827
(0.1790) (0.1762) (0.1689)
FP exposure, full 1.1525*** 1.2655*** 0.6219***
(0.1926) (0.1972) (0.2038)
WSS pgm exposure 1.3175*** 1.4347*** 0.8574***
(0.1808) (0.1899) (0.2314)
father's schooling 0.4427*** 0.3809*** 0.3578***
(0.0208) (0.0195) (0.0190)
wealth 0.2251*** 0.2125*** 0.2294***
(0.0114) (0.0116) (0.0115)
proportion of children in 1971 Y Y Y
proportion enrolled in 1971 Y Y Y
district Y Y
decade Y
R-squared 0.468 0.529 0.546
Observations 3575 3575 3575
Ordinary least squares
Robust standard errors in parentheses. Standard errors clustered at district level. 
***p<0.01, **p<0.05, *p<0.1. All regressions include a constant.
F test of excluded instruments
(F statistic/P-value)
448.58/0.000 26.97/0.000 28.02/0.000
.         test infant_res 
 
 ( 1)  [br_live_tot]infant_res = 0 
 
           chi2(  1) =    6.78 
         Prob > chi2 =    0.0092 
.         test schooling_res 
 
 ( 1)  [br_live_tot]schooling_res = 0 
 
           chi2(  1) =   52.62 
         Prob > chi2 =    0.0000  
.         test infant_res 
 
 ( 1)  [br_live_tot]infant_res = 0 
 
           chi2(  1) =    6.78 
         Prob > chi2 =    0.0092 
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Table 10. Second-stage total fertility regressions (main sample) 
 
 
(1) (2) (3)
tfr tfr tfr
FP exposure, partial -0.1879*** -0.2854*** -0.1871***
(0.0671) (0.0331) (0.0272)
FP exposure, full -0.3774*** -0.4771*** -0.2151***
(0.0621) (0.0358) (0.0303)
infant deaths 1.1610*** 0.3561*** 0.2431***
(0.3631) (0.1197) (0.0965)
schooling -0.0317*** -0.0702*** -0.0318***
(0.0115) (0.0080) (0.0075)
wealth 0.0180*** 0.0211*** 0.0051
(0.0034) (0.0027) (0.0029)
proportion of children in 1971 Y Y Y
proportion enrolled in 1971 Y Y Y
district Y Y
decade Y
Prob > chi2 0.000 0.000 0.000
Pseudo R-squared 0.079 0.101 0.142
Observations 3575 3575 3575
Poisson
Bootstrapped standard errors in parentheses. Standard errors clustered at district level. 
***p<0.01, **p<0.05, *p<0.1. All regressions include a constant. Infant deaths and schooling 
are instrumented.
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Table 11. Benchmark total fertility regressions (large sample) 
 
 
(1) (2) (3) (4) (5) (6) (7) (8) (9)
tfr tfr tfr tfr tfr tfr tfr tfr tfr
FP exposure 2, partial -0.4368*** -0.4407*** -0.2349*** -0.3617*** -0.3624*** -0.2041*** -0.3427*** -0.3452*** -0.2026***
(0.0286) (0.0277) (0.0249) (0.0277) (0.0271) (0.0242) (0.0279) (0.0273) (0.0242)
FP exposure 2, full -0.7557*** -0.8060*** -0.3113*** -0.6117*** -0.6551*** -0.2587*** -0.5817*** -0.6231*** -0.2568***
(0.0220) (0.0226) (0.0295) (0.0241) (0.0247) (0.0274) (0.0246) (0.0257) (0.0276)
infant deaths 0.2730*** 0.2615*** 0.2188*** 0.2770*** 0.2650*** 0.2205***
(0.0142) (0.0160) (0.0132) (0.0141) (0.0155) (0.0131)
schooling -0.0263*** -0.0297*** -0.0206*** -0.0354*** -0.0378*** -0.0232***
(0.0028) (0.0032) (0.0027) (0.0030) (0.0034) (0.0027)
wealth 0.0126*** 0.0139*** 0.0041**
(0.0017) (0.0020) (0.0020)
proportion of children in 1971 Y Y Y Y Y Y Y Y Y
proportion enrolled in 1971 Y Y Y Y Y Y Y Y Y
district Y Y Y Y Y Y
decade Y Y Y
Prob > chi2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Pseudo R-squared 0.075 0.094 0.138 0.102 0.118 0.153 0.105 0.121 0.153
Observations 4809 4809 4809 4809 4809 4809 4809 4809 4809
Poisson
Robust standard errors in parentheses. Standard errors clustered at district level. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant.
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Table 12. First-stage infant deaths regressions (large sample) 
 
 
(1) (2) (3)
infant deaths infant deaths infant deaths
FP exposure 2, partial -0.4877*** -0.4566*** -0.3278**
(0.1528) (0.1505) (0.1506)
FP exposure 2, full -0.6663*** -0.6033*** -0.1637
(0.1555) (0.1448) (0.1612)
WSS pgm exposure -0.4191*** -0.5436*** -0.3070
(0.1433) (0.1406) (0.1950)
father's schooling -0.0643*** -0.0611*** -0.0474***
(0.0149) (0.0136) (0.0139)
wealth -0.0572*** -0.0500*** -0.0580***
(0.0119) (0.0122) (0.0119)
proportion of children in 1971 -0.5459 -0.1728 -0.0587
proportion enrolled in 1971 -1.4463 -0.8139 -0.9380
district Y Y
decade Y
Prob > chi2 0.000 0.000 0.000
Pseudo R-squared 0.052 0.123 0.140
Observations 4809 4809 4809
Robust standard errors in parentheses. Standard errors clustered at district level. 
***p<0.01, **p<0.05, *p<0.1. All regressions include a constant.
Negative binomial
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Table 13. First-stage schooling regressions (large sample) 
 
 
(1) (2) (3)
schooling schooling schooling
FP exposure 2, partial 0.2738 0.3538* 0.1927
(0.1808) (0.1798) (0.1718)
FP exposure 2, full 1.3697*** 1.4945*** 0.8992***
(0.1862) (0.1810) (0.1823)
WSS pgm exposure 1.2456*** 1.3345*** 0.7715***
(0.1694) (0.1694) (0.2156)
father's schooling 0.4405*** 0.3818*** 0.3646***
(0.0174) (0.0152) (0.0151)
wealth 0.2229*** 0.2164*** 0.2312***
(0.0100) (0.0099) (0.0100)
proportion of children in 1971 11.7575** 3.0238 2.4152
proportion enrolled in 1971 7.1075*** 6.3595*** 6.5655***
district Y Y
decade Y
R-squared 0.490 0.542 0.553
Observations 4807 4807 4807
34.87/0.000
Robust standard errors in parentheses. Standard errors clustered at district level. 
***p<0.01, **p<0.05, *p<0.1. All regressions include a constant.
Ordinary least squares
F test of excluded instruments
(F statistic/P-value)
659.40/0.000 34.08/0.000
.         listcoef fp_partial3 fp_full3 wss_dummy2 schoolingfather wealth, 
factor help 
 
nbreg (N=4809): Factor Change in Odds  
 
 Observed SD: .44470848 
 
  Odds of:  vs  
 
---------------------------------------------------------------------- 
infant_dea~s |      b         z     P>|z|    e^b    e^bStdX      SDofX 
-------------+-------------------------------------------------------- 
 fp_partial3 |  -0.32777   -2.176   0.030   0.7205   0.8832     0.3790 
    fp_full3 |  -0.16372   -1.016   0.310   0.8490   0.9238     0.4842 
  wss_dummy2 |  -0.30703   -1.575   0.115   0.7356   0.8868     0.3914 
schoolingf~r |  -0.04738   -3.406   0.001   0.9537   0.8339     3.8336 
      wealth |  -0.05800   -4.892   0.000   0.9437   0.7050     6.0265 
-------------+-------------------------------------------------------- 
    ln alpha |  -0.27015 
       alpha |   0.76327   SE(alpha) = 0.18454   
---------------------------------------------------------------------- 
 LR test of alpha=0: .        Prob>=LRX2 =     . 
---------------------------------------------------------------------- 
       b = raw coefficient 
       z = z-score for test of b=0 
   P>|z| = p-value for z-test 
     e^b = exp(b) = factor change in expected count for unit increase in X 
 e^bStdX = exp(b*SD of X) = change in expected count for SD increase in X 
   SDofX = standard deviation of X 
 
.         listcoef fp_partial3 fp_full3 wss_dummy2 schoolingfather wealth, 
percent help 
 
nbreg (N=4809): Percentage Change in Expected Count  
 
 Observed SD: .44470848 
 
---------------------------------------------------------------------- 
infant_dea~s |      b         z     P>|z|      %      %StdX      SDofX 
-------------+-------------------------------------------------------- 
 fp_partial3 |  -0.32777   -2.176   0.030    -27.9    -11.7     0.3790 
    fp_full3 |  -0.16372   -1.016   0.310    -15.1     -7.6     0.4842 
  wss_dummy2 |  -0.30703   -1.575   0.115    -26.4    -11.3     0.3914 
schoolingf~r |  -0.04738   -3.406   0.001     -4.6    -16.6     3.8336 
      wealth |  -0.05800   -4.892   0.000     -5.6    -29.5     6.0265 
-------------+-------------------------------------------------------- 
    ln alpha |  -0.27015 
       alpha |   0.76327   SE(alpha) = 0.18454   
---------------------------------------------------------------------- 
 LR test of alpha=0: .        Prob>=LRX2 =     . 
---------------------------------------------------------------------- 
       b = raw coefficient 
       z = z-score for test of b=0 
   P>|z| = p-value for z-test 
       % = percent change in expected count for unit increase in X 
   %StdX = percent change in expected count for SD increase in X 
   SDofX = standard deviation of X 
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Table 14. Second-stage total fertility regressions (large sample) 
 
 
(1) (2) (3)
tfr tfr tfr
FP exposure 2, partial -0.2504*** -0.2859*** -0.1941***
(0.0531) (0.0310) (0.0241)
FP exposure 2, full -0.4527*** -0.5041*** -0.2332***
(0.0466) (0.0354) (0.0226)
infant deaths 0.8112** 0.3843*** 0.2223***
(0.3350) (0.1027) (0.0775)
schooling -0.0450*** -0.0677*** -0.0378***
(0.0097) (0.0076) (0.0057)
wealth 0.0196*** 0.0224*** 0.0077***
(0.0021) (0.0027) (0.0023)
proportion of children in 1971 Y Y Y
proportion enrolled in 1971 Y Y Y
district Y Y
decade Y
Prob > chi2 0.000 0.000 0.000
Pseudo R-squared 0.083 0.102 0.141
Observations 4809 4809 4809
Poisson
Bootstrapped standard errors in parentheses. Standard errors clustered at district level. 
***p<0.01, **p<0.05, *p<0.1. All regressions include a constant. Infant deaths and 
schooling are instrumented.
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Figure 1. Total fertility and infant mortality in Indonesia, 1971-1999 
 
Note: Excludes Irian Jaya (Papua). 
Source: (BPS 2009b, BPS 2009a). 
 
 
Figure 2. Total fertility in provinces where NFPP started in 1970 
 
Note: Excludes Irian Jaya (Papua). 
Source: (BPS 2009b). 
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Figure 3. Total fertility in provinces where NFPP started in 1974 
 
Note: Excludes Irian Jaya (Papua). 
Source: (BPS 2009b). 
 
 
Figure 4. Total fertility in provinces where NFPP started in 1979 
 
Note: Excludes Irian Jaya (Papua). 
Source: (BPS 2009b). 
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Figure 5. Family planning and WSSP programme exposure for sample women 
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woman's first child was born in 1969, her second child in 1973 and her third child in 1975 she is defined as partially exposed to family planning. 
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Figure 6. Distribution of total fertility 
 
 
 
Figure 7. Distribution of schooling 
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Chapter 2: Does More Schooling Make You Slimmer? 
The Causal Effect of Schooling on BMI in Indonesia 
 
 
 
 
Abstract 
BMI for Indonesian men and women has been rising over the last three decades and in 
2002 nearly one-in-ten men and more than one-in-five women were overweight. At the 
same time noncommunicable diseases, in particular cardiovascular diseases, for which 
overweight constitutes a major risk factor has become the main cause of death. In 
developing countries, schooling and BMI tend to be either positively correlated or 
uncorrelated but there exists no evidence on the causal effect of schooling on BMI. This 
chapter empirically assesses whether more schooling causes healthier BMI for men and 
women in Indonesia by using two instrumental variables to capture exogenous variation 
in schooling. The first instrument takes advantage of the massive Presidential 
Instruction Primary School construction programme (SD INPRES) over the period 
1973/74-1978/79, the second instrument is father’s schooling. Two results stand out: 
more schooling causes higher BMI for men and there is no causal effect of schooling on 
BMI for women. Such a differential effect of schooling on BMI of men and women has 
previously been found in developed countries. This chapter also provides some very 
preliminary evidence that the shift from blue collar, relatively energy-intensive 
occupations to relatively more sedentary white collar and service sector jobs may be 
one contributing factor to why more schooling increases BMI for men. 
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2.1 Introduction 
Middle-income countries are facing a new major health problem: the rapidly rising 
prevalence of overweight while still having to cope with the existence of underweight 
(Philipson, Posner 2008, WHO 2004). Simultaneously, overweight-related, 
noncommunicable diseases such as cardiovascular diseases, type 2 diabetes, 
musculoskeletal disorders, and certain cancers, are becoming the main causes of adult 
deaths in middle-income countries (WHO 2004, WHO 2009, WHO expert consultation 
2004). 
Indonesia is no exception. Mean body mass index (BMI) both for Indonesian men 
and women has been rising over the last three decades (Figure 8), and nearly one-in-ten 
men and more than one-in-five women were overweight in 2002 (WHO 2011a). At the 
same time noncommunicable diseases, in particular cardiovascular diseases, for which 
overweight constitutes a major risk factor has become the main cause of death 
accounting for 24 percent of male and almost 26 percent of female deaths in 2004 
(WHO 2011b).
21
 
 The overweight epidemic has severe adverse consequences for individuals and 
society. At the individual level, increased morbidity and mortality, higher private health 
care costs, and frequently worse employment opportunities and lower wages reduce life 
quality directly and indirectly while at the society level, the increasing prevalence of 
overweight raises public health care costs and reduces productivity (Chopra, Galbraith 
et al. 2004, Dor, Ferguson et al. 2010, Grossman, Kaestner 1997, Withrow, Alter 2011). 
The main cause of overweight is the excess of calories consumed over calories 
expended due largely to increasingly high-fat, energy-rich diets and reductions in 
physical activity related to the sedentary nature of many jobs, changes in transportation 
options, and urbanization (WHO 2004, WHO 2009). The rapid growth in the prevalence 
of overweight-related noncommunicable diseases makes it urgent to understand which 
public interventions would be most effective in decelerating the overweight epidemic. 
The most frequently discussed public interventions are additional formal schooling; 
taxation to encourage consumption of healthier foods; regulation of fast food; and 
targeted information campaigns (Philipson, Posner 2008). 
                                                          
21
 All noncommunicable diseases accounted for 61 percent of deaths in Indonesia in 2002 (World Bank 
2011a). 
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In general, more schooling is correlated with better health (Grossman, Kaestner 
1997). However, evidence from studies that treat schooling as endogenous indicates that 
much of the positive correlation between schooling and health is due to unobserved 
heterogeneity rather than a causal effect of schooling (Auld, Sidhu 2005). If this is the 
case, policies aimed at improving health, including lowering the prevalence of 
overweight, through increased schooling may not be effective. 
In developing countries, schooling and overweight or BMI tend to be either 
positively correlated or uncorrelated but there exists no evidence on the causal effect of 
schooling on overweight and BMI (Monteiro, Moura et al. 2004, Witloear, Strauss et al. 
2011). Increasingly, evidence on the causal effect of schooling on overweight and BMI 
is becoming available for developed countries and where  more schooling appears to 
have no effect on overweight or BMI except for a few cases where it is found to cause 
lower BMI or reduce the probability of overweight (Arendt 2005, Grabner 2009, Jürges, 
Reinhold et al. 2011, Webbink, Martin et al. 2010). 
This chapter uses the instrumental variable approach to assess whether more 
schooling causes healthier BMI for men and women in Indonesia. As far as known, no 
previous study has assessed the causal effect of schooling on BMI in Indonesia, or in 
any other developing country. The first instrument takes advantage of the massive 
Presidential Instruction Primary School construction programme (SD INPRES) over the 
period 1973/74-1978/79 during which the number of primary schools in the country 
roughly doubled and primary enrollment rose from 13 to 19 million students. This 
program has previously been used but with different measures of programme exposure, 
to assess the impact of schooling on wages and of schooling on intergenerational 
educational mobility (Duflo 2001, Hertz, Jayasundera 2007). The intensity and timing 
of the construction of SD INPRES schools varied substantially across districts, which is 
used to construct the measure of SD INPRES programme exposure. The second 
instrument is father’s schooling, which is a valid instrument if an individual’s schooling 
is highly correlated with their father’s schooling, and father’s schooling only affects 
BMI through the schooling of their children, which it is argued is the case in this 
context. 
To preempt the findings of this chapter two results stand out for Indonesia: more 
schooling causes higher BMI for men and there is no causal effect of schooling on BMI 
for women. This chapter also provides some very preliminary evidence that the shift 
from blue collar, relatively energy-intensive jobs to relatively more sedentary white 
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collar and service sector jobs may be one contributing factor to why more schooling 
increases BMI for men. 
The findings of this chapter adds to the emerging evidence on the causal effect of 
schooling on BMI in general, and as a first provides evidence on the causal effect of 
schooling on BMI in a developing country. 
The next section provides a selective review of the literature on schooling and 
overweight. Section 2.3 provides the context for schooling, overweight, and 
overweight-related, noncommunicable diseases in Indonesia. In Section 2.4 the sample, 
data, and instrumental variables used for the analysis are described. Next, Section 2.5 
outlines the conceptual framework and empirical methodology. Section 2.6 presents and 
discusses the findings. Finally, Section 2.7 concludes. 
2.2 Literature Review 
There is a vast literature on the relationship between schooling and health (Cutler, 
Lleras-Muney 2006). However, the literature on schooling and overweight, and 
especially, on the causal relationship from schooling to overweight is relatively new 
(Eide, Showalter 2011). This section provides a selective review of the empirical 
literature on schooling and overweight. Studies that examine the causal effect of 
schooling on overweight in developed countries are discussed since as mentioned 
above, no such studies exist for developing countries. There is also a dearth of 
correlational studies of schooling and overweight in developing countries (Monteiro, 
Moura et al. 2004, Sobal, Stunkard 1989).
22
 One exception is a recent study of the 
relationship between schooling and BMI in Indonesia that is particularly relevant to the 
analysis in this chapter (Witloear, Strauss et al. 2011).  
Recent studies that examine the causal effect of schooling on overweight in 
developed countries use various methods including instrumental variables, regression 
discontinuity designs, matching, and twin data. Most studies use changes in compulsory 
schooling laws or in state-level education policy to capture exogenous variation in 
schooling.  
Apart from two studies (Conti, Heckman 2010, Grabner 2009), the existing 
literature does not find that more schooling causes healthier BMI in developed countries 
                                                          
22
 Some sub-national level correlational studies that examine cities or districts within a developing 
country exist ((Monteiro, Moura et al. 2004)). 
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(Arendt 2005). Most of the studies that use changes in compulsory schooling laws or 
state-level education policy as instruments find that the instrumental variable estimates 
are a great deal larger than those obtained by ordinary least squares. A plausible 
explanation is that the return to schooling is larger for those who changed their 
schooling behaviour in response to the change in schooling laws or education policy 
than for individuals who did not (Eide, Showalter 2011). 
In the United States, changes in compulsory state-level schooling laws imposed a 
minimum amount of schooling required to apply for a work permit, which forced some 
individuals to remain longer in school, about 2-9 months, than they otherwise would 
have and these changes in schooling laws is used as an instrument for schooling 
(Grabner 2009). The samples consist of approximately 11,900 men and women who are 
18 years or older. In the first-stage regressions, the F-test for the excluded instruments 
being jointly zero ranges from 9 to 14 indicating that the instruments are relevant. 
According to the estimates, additional schooling causes a reduction in BMI and in the 
probability of being obese both for men and women, although the effect is larger for 
women. Comparing the ordinary least squares estimates to the instrumental variable 
estimates the latter are about three times as large. 
Another study for the United States uses changes in state-level education policy as 
instruments for schooling but find no significant impact of schooling on overweight nor 
obesity for either men or women (Kenkel, Lillard 2006). The samples consist of 3,248 
adult males and 3,275 adult females. The instruments are based on the education 
environment individuals faced at the time of their schooling and capture the difficulty of 
graduating from high school; the difficulty of obtaining General Educational 
Development High School Equivalency Diploma (GED) certification; and per capita 
education spending. Parental schooling is also included as in instrument in some of the 
models. The instruments are highly relevant with the first-stage F-test of relevance 
ranging from 21 to 64. Based on the ordinary least squares estimates treating schooling 
as exogenous, men who graduate from high school are significantly more likely to be 
overweight and so are men who received GED certification. By contrast, for women 
there is no significant effect of either. The instrumental variable estimates are not 
significant for men nor for women, which implies that more schooling does not cause 
healthier BMI. 
In 1958, Danish education reforms removed barriers to entry to higher education for 
children from disadvantaged backgrounds and living in underserved areas, and in 1975 
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the school-leaving age was raised, which enables the construction of instruments that 
capture exogenous variation in schooling (Arendt 2005). The effect of schooling on 
overweight and on obesity is examined separately for 3,420 men and for 3,096 women. 
The increase in mean schooling attainment was larger for the 1958 than the 1975 
education reforms and in the first-stage schooling regressions only the dummy variable 
for the 1958 reform is significant. Moreover, the F-statistic for the excluded instruments 
being jointly zero is only 4 for women and 5 for men, suggesting that the instruments 
are weak with implications for bias of the estimates (Staiger, Stock 1997). More 
schooling is positively but never significantly related to healthier BMI for men or 
women, and the ordinary least squares estimates are smaller in size than the 
instrumental variable estimates. 
A study of adult men and women in 1999 and 2003 uses the increase in the number 
of academic-track (grammar) schools in Germany, which varied across states and over 
time, as an instrumental variable to estimate the causal effect of schooling on obesity 
(Jürges, Reinhold et al. 2011). Since academic track schools generally comprise nine years 
compared to only six years of schooling for the other two types of secondary schools in 
the country, the increase in the number of academic track schools led to additional years 
of schooling for a substantial share of the population. According to the ordinary least 
squares estimates, men and women with more schooling have a significantly lower 
probability of being overweight and of being obese. In the first-stage regressions, the 
instrument is found to be relevant for both men and women with F-statistics between 13 
and 30. In the second-stage, the instrumental variable estimates, suggest that more 
schooling significantly increases the probability of being overweight and of being obese 
for men, and the effect is relatively large, but it is not significant for women. It is argued 
that this result is due to lifestyle changes conducive to overweight as more schooled 
men move from relatively physical blue collar jobs to relatively sedentary white collar 
jobs. 
Another study for Germany uses the same data and age group but a different 
instrument: the abolition of secondary school fees, to assess the causal effect of 
schooling on overweight and on obesity (Reinhold, Jürges 2010). Fees were abolished 
across different states at different times, which is used to capture exogenous variation in 
schooling. Similar to the other German study discussed above (Jürges, Reinhold et al. 
2011), the ordinary least squares estimates indicate that more schooling is significantly 
associated with a lower probability of being overweight and of being obese for both 
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men and women. In the first-stage schooling regressions the F-statistics for instrument 
relevance range from 13 to 15 indicating that the instrument is relevant. But based on 
the instrumental variable estimates schooling does not significantly affect the 
probability of being overweight or of obese, and again the schooling coefficient 
switches from negative for the ordinary least squares estimates to positive for the 
instrumental variable estimates.  
Changes in compulsory schooling laws regarding school-leaving age in the United 
Kingdom in 1947 and 1972 led to large differences in schooling attainment for 
individuals born only months apart, which are used to assess the causal effect of 
schooling on various health measures including overweight (Clark, Royer 2010). The 
1947 change in schooling laws meant that roughly half of the cohorts affected by the 
change obtained one additional year of schooling and for the 1972 change 
approximately a quarter of the affected cohorts gained one additional year of schooling. 
These changes in schooling attainment allow the use of regression discontinuity 
methods to assess the causal effect of schooling on overweight and on obesity. The 
sample consists of roughly 16,500 female and male adults born in the 15-year interval 
around each of the 1947 and the 1972 school law changes. The ordinary least squares 
estimates suggests that more schooling lowers the probability of being overweight and 
of being obese although the effects are relatively small. By contrast, according to the 
instrumental variables estimates schooling does not affect the probabilities of being 
overweight or of being obese, and the coefficients sometimes switch sign from negative 
to positive.  
A recent study of schooling and overweight uses a model that allows for sorting 
based on cognitive and non-cognitive ability and health endowments into different 
schooling levels to examine the impact of schooling on obesity (Conti, Heckman 2010). 
The effect of schooling on obesity is assessed for  3,777 men and 3,620 women who 
were 30 years old in 2000. The main result is that schooling is much more important in 
explaining the obesity gap for men than for women for whom the obesity differences by 
schooling are found to be entirely the result of selection. 
One non-causal study is reviewed as it is highly relevant because it exmines the 
relationship between schooling and overweight in Indonesia (Witloear, Strauss et al. 
2011). The study documents, among other things, changes in the weight distribution in 
Indonesia for men and women age 45 years and more for the period 1993-2007 using 
the four rounds of the Indonesia Family Life Survey (IFLS). The male sample consists 
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of 12,837 observations and the female sample of 14,735 observations. The proportion of 
overweight in the population aged 45 years and above has risen rapidly from 8.5 percent 
of men in 1993 to 17 percent in 2007, and for women from 14 percent to 31 percent. To 
examine the relationship between schooling and overweight the four rounds of the IFLS 
are pooled and a set of multivariate regressions are estimated using ordinary least 
squares. Schooling is captured by dummy variables for some primary schooling, 
complete primary schooling or more, and complete junior secondary school or more. 
Men who have completed junior secondary school have significantly higher BMI than 
men with no schooling. Among women, those with some primary schooling have 
significantly higher BMI than those with no schooling, and women with complete 
primary schooling or more have significantly higher BMI than women with some 
primary schooling. However, there is no additional effect of having completed junior 
secondary school or more for women.  
These findings are in contrast to those for developed countries that typically find 
that more schooling is associated with lower BMI when treating schooling as 
exogenous. Given that there are no studies for developing countries including Indonesia 
on the causal effect of schooling on overweight a knowledge gap that this chapter is an 
attempt to address. 
2.3 Indonesia Context: Schooling and Health 
In the early 1970s before the massive primary SD INPRES school construction 
programme began, Indonesia had a population of 104 million living in 26 provinces on 
approximately 3,000 islands speaking roughly 250 different languages (Beeby 1979). 
 
2.3.1 Primary Schooling System 
The Indonesian school system consisted of six years of primary school; three years of 
junior secondary school; and three years of senior secondary school. The legal 
minimum school starting age was six, but the majority of children began school at age 
seven and some at an even older age, primarily due to shortages of school places. The 
typical primary school had one principal and five to six teachers and between 150-300 
students (Beeby 1979).  
Indonesia had a relatively high capacity to enroll primary school aged children in 
1971, with a gross primary enrollment ratio of 80 percent. However, due to large 
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numbers of over-age students, only 68 percent of eligible children (the net primary 
enrollment ratio) were enrolled and rural children and girls were much less likely to be 
enrolled than urban students and boys respectively (World Bank 1975). Moreover, 
dropout rates were high. 13 percent of children enrolled in primary school dropped out 
before grade three; 24 percent before grade four; and more than 55 percent before grade 
six. Out of those reaching grade six, only 61 percent graduated (Beeby 1979).  
The majority of parents interviewed in education surveys cited lack of money as the 
main reason for their child dropping out. After the cost of schooling, lack of awareness 
of schooling opportunities was the most commonly cited reason for dropping out. The 
cost of sending a child to school including school fees imposed a barrier to entry for 
children from poor households, and when parents sent their children to school, they 
were frequently unable to keep them in school (Daroesman 1972).  
There were two types of primary school fees in the early 1970s, entrance fees and 
monthly fees collected by parents’ association for public schools. To increase 
transparency and accountability and reduce fees for the poor, a fixed, single parental 
contribution (SPP) was introduced in 1971 to replace the old fee system (Beeby 1979). 
The SPP comprised 1-2 percent of household income depending on costs in the area in 
which the household resided (World Bank 1975). In addition, there were other direct 
costs for uniforms, school supplies, and transport, and the opportunity cost of sending 
children to school. Primary school fees were abolished for grades 1-3 in 1977 and for 
grades 4-6 in 1978 (Chernichovsky, Meesook 1985). As well as the high cost of 
schooling and lack of awareness of schooling opportunities, many parents considered 
three to four years of schooling adequate, feeling that the literacy and numeracy skills 
achieved at these schooling levels were sufficient for the needs of their children (Beeby 
1979).  
The constraints of the primary school system were evident in schooling outputs and 
outcomes. In 1970, average years of schooling of the adult population (15 years and 
older) was only 2.8 years; 41 percent of the population had no schooling at all; and just 
19 percent had completed primary schooling (World Bank 1975, Barro, Lee 2010). 
Only 60 percent of the adult population was literate. There were also large differences 
by location and gender: 79 percent of the urban population was literate but only 55 
percent of the rural population and merely 49 percent of women compared to 71 percent 
of men (Table 15). 
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2.3.2 Overweight Prevalence and Chronic Diseases 
A normal BMI lies in the range 18.5-24.99; a BMI below 18.5 indicates underweight; 
whereas a BMI in the range 25.0-29.99 indicates overweight (pre-obese) and a BMI of 
30.0 and above obesity (WHO 2011a). These are general cut-off points that may vary 
across different populations. In particular, “Asians generally tend to have a higher 
percentage of body fat than white people of the same age, sex, and BMI. Also, the 
proportion of Asian people with risk factors for type 2 diabetes and cardiovascular 
disease is substantial even below the existing WHO BMI cut-off point of 25 kg/m
2” 
(WHO expert consultation 2004: 161). Some evidence suggests that it would be 
appropriate to lower the existing BMI cut-off points for Indonesians by three units 
(WHO expert consultation 2004). 
 BMI has risen since the 1980s in Indonesia because of changes in diet and physical 
activity. Figure 8 shows that mean BMI for men and women has risen steadily over the 
last three decades, and somewhat faster (starting from a higher level) for women. Based 
on the standard BMI cut-off points, in early 2000, 17.3 percent of Indonesian women 
were overweight and 3.6 percent obese (Figure 9). Among Indonesian men, 8.4 percent 
were overweight and 1.1 percent obese (WHO 2011a). At the same time, 15 percent of 
the Indonesian population was still underweight (World Bank 2011a). If the standard 
BMI cut-off points were adjusted down as proposed by emerging evidence, even larger 
proportions of the Indonesian population would be categorized as overweight and obese 
respectively. 
To put the prevalence of overweight in perspective data are also shown for China 
and India, two other large middle-income countries (Figure 9). In China, relatively more 
men and women are overweight (19.1 percent and 18.1 percent respectively) and 
relatively more men obese (2.4 percent) while the share of obese women is somewhat 
smaller (3.4 percent) than in Indonesia (WHO 2011a). In India, the prevalence of 
overweight and of obesity both for men and for women is lower than in Indonesia. 
In low- and middle-income countries, including Indonesia, six risk factors account 
for nearly one in five deaths: high blood pressure, high blood glucose, physical 
inactivity, overweight and obesity, high cholesterol, and low intake of fruit and 
vegetables and most of these factors are related to overweight (WHO 2009). These risk 
factors are responsible for cardiovascular diseases, stroke, and type 2 diabetes that are 
three of the main causes of death in Indonesia. In 2002, noncommunicable diseases 
accounted for 61 percent of all deaths in the country (WHO 2011b), and among these, 
74 
 
 
 
cardiovascular diseases alone accounted for 24 percent of male deaths and 26 percent of 
female deaths, and type 2 diabetes for 2 percent of male deaths and 3 percent of female 
deaths (Figure 10).
23
 
The fact that noncommunicable diseases are the most important cause of death, the 
majority of which are directly or indirectly related to overweight, combined with the 
rising prevalence of overweight in Indonesia makes it vital to understand what factors 
influence BMI, and in particular, if more schooling causes a healthier BMI. 
2.4 Sample Characteristics and Data 
This section describes the sample, data, and instrumental variables used to assess the 
causal effect of schooling on BMI for men and women in Indonesia. Variable 
descriptions and summary statistics for all variables are provided in Table 17, Table 18, 
and Table 19. 
 
2.4.1 Sample 
The data used for the analysis come from the Indonesia Family Life Survey (IFLS), a 
repeated socioeconomic and health survey run by the RAND Corporation and the 
Center for Population and Policy Studies of the University of Gadjah Mada in 
Indonesia. The first three rounds of the survey: IFLS1, IFLS2, and IFLS3 conducted in 
1993, 1997 and 2000 respectively are used. The 10,435 households interviewed in 
IFLS3 live in 13 of Indonesia’s 26 provinces, and represent approximately 83 percent of 
the Indonesian population in 1993 (Strauss, Beegle et al. 2004). The 13 provinces 
covered by the IFLS are: Sumatra Utara, Sumatra Barat, Sumatra Selantan, Lampung, 
DKI Jakarta, Java Barat, Java Tengah, DI Yogyakarta, Java Timur, Bali, Nusa Tenggara 
Barat, Kalimantan Selantan, and Sulawesi Selantan, which are the most densely 
populated areas in Indonesia (Annex figure 1Error! Reference source not found.). 
The effect of schooling on BMI is examined separately for men and women to 
account for the important role of gender in explaining differences in health (Conti, 
Heckman 2010). The unit of analysis is men and women aged 20-50 years in 2000. This 
age group was chosen to include individuals not exposed and exposed to the SD 
INPRES programme that started in 1973/74, which is used as an instrumental variable, 
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 Cardiovascular diseases include: rheumatic heart disease, hypertensive heart disease, ischaemic heart 
disease, cerebrovascular disease, and inflammatory heart disease (WHO 2011b). 
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and that were adults at the time of the survey. 8,303 men and 8,775 women were 20-50 
years old at the time of the survey in 2000, this is reduced to 4,300 men and 4,821 
women after removing observations for which all variables required for the analysis are 
not available. Mean schooling of fathers and SD INPRES programme exposure are 
significantly higher for men and women in the samples used for the analysis than for the 
excluded observations. Therefore, results may not be valid outside the sample. 
The data on SD INPRES programme school construction, the INPRES water supply 
and sanitation programme, and the primary school enrolment rate in each district in 
1971 come from administrative records for 1973-1979 (BAPPENAS 1973, 1974, 1975, 
1976, 1978). The IFLS data were merged with the administrative data, which was very 
time consuming as several of the 283 districts (kabupaten) changed name, some more 
than once, between 1973/74 when the SD INPRES programme started and 2000 when 
the third IFLS wave was conducted. 
 
2.4.2 Body Mass Index 
The health variable of interest is body mass index defined as weight in kilograms 
divided by height (in metres) squared. BMI is not self-reported but measured by the 
survey enumerators, which reduces the scope for measurement error. In the sample, 
based on the standard BMI cut-off points (Section 2.3), women are more prone to be 
overweight than men, and the proportion of overweight women is larger than the 
proportion of underweight women. Among women, 21 percent are overweight, and 
within this group, 3.6 percent are obese (Table 21). By contrast, a smaller share, 11 
percent of men are overweight, and among these, 1.6 percent is obese. When it comes to 
underweight, nearly 14 percent of women in the sample are underweight compared to 
16 percent for men. Figure 12 shows the empirical cumulative distributions of BMI for 
the female and male samples, which further illustrate that relatively fewer men than 
women are overweight and the high prevalence of overweight in the sample. Among the 
women in the sample mean BMI is 22.2 with a standard deviation of 3.7 compared to a 
mean BMI of 21.2 for men with a 3.1 standard deviation (Table 18). 
 
2.4.3 Schooling 
Based on the existing evidence, the effect of schooling on BMI is ambiguous and 
appears to differ by gender. In this chapter, schooling is defined as years of formal 
schooling and is constructed by combining the reported highest grade and level of 
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formal schooling completed. Women on average have less schooling than men. Mean 
years of schooling for women is 7.5 with a standard deviation of 4.3 years compared to 
8.5 years with a standard deviation of 4.0 years for men. Figure 13 shows the heaping of 
schooling around the completion of each schooling level. Almost 9 percent of women 
and 4 percent of men have no schooling; 27 percent of women and 24 percent of men 
have complete primary schooling; 13 percent of women and 14 percent of men have 
completed junior secondary school; 22 percent of women and 27 percent of men have 
completed senior secondary school; and 6 percent of women and 7 percent of men have 
a university education. 
Examining schooling for men and women exposed and not exposed to the SD 
INPRES programme reveals differences across the two groups. For exposed men mean 
schooling is higher: 9.3 years relative to 6.8 years for men not exposed to the SD 
INPRES programme. Similarly, mean schooling is higher for exposed women: 8.7 years 
compared to 5.1 years for unexposed women (Table 20). The differences in schooling 
across the exposed and unexposed groups are significantly different, and indicate that 
the SD INPRES programme, unconditional on any other factors that may influence 
schooling, is associated with more schooling in Indonesia. 
Schooling is endogenous in the analysis of health (Grossman 2006), including BMI. 
For instance, unobserved heterogeneity such as innate ability or preferences may 
influence schooling and BMI in the same direction (Grossman, Kaestner 1997, 
Behrman 1997, Sander 1992). Causation between schooling and health outcomes may 
run in both directions, which would also bias estimates of the effect of schooling on 
health (Grossman, Kaestner 1997). This may even be the case for adults who have 
completed their schooling if past health is not directly controlled for (Grossman 2006). 
Schooling may also be measured with error as recall periods become longer and lead to 
biased estimates (Griliches 1977, McCrary, Royer 2011).  
Different approaches can be used to address the endogeneity of schooling including 
controlling for past health although such data are hard to come by; by using twin or 
sibling data although these samples are usually small, or by finding valid instrumental 
variables, which is often difficult (Grossman 2006). To address the endogeneity of 
schooling this chapter uses SD INPRES programme exposure and years of schooling of 
fathers as instruments (see below). 
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2.4.4 Household Wealth and Location and Marital Status 
Being wealthier is generally associated with higher BMI in developing countries, 
primarily because wealthier individuals can afford a higher food intake and arguably 
because of social norms that consider overweight a sign of health, affluence, and 
prestige (Sobal, Stunkard 1989, Graham, Felton 2005).
24
 However, overweight appears 
to be becoming more common also among poorer populations in developing countries 
over time, especially, in urban areas (Monteiro, Moura et al. 2004) 
In this chapter, household wealth is captured by three dummy variables indicating 
the poorest, middle, and richest tertiles of households based on an asset index. The 
index is constructed based on access to or ownership of six items: electricity; piped 
water; toilet with a septic tank; refrigerator; electric or gas stove; and television set. 
Each item is assigned a weight equal to the inverse of the fraction of households that 
own it so that rarer items receive a larger weight. Household wealth is used rather than 
household income or consumption since asset holdings tend to change less quickly over 
time. Moreover, it helps minimize recall bias and measurement error commonly 
associated with income and consumption (McKenzie 2005). The mean asset index for 
the female sample is 6.1 and for the male sample 6.0 (Table 18). Among the poorest 
tertile of women, the mean asset index is 1.6 and among men 1.7; for the middle tertile 
of women 4.8 compared to 4.5 for men, and for the richest tertile of women 13.7 
relative to 12.5 for men. Mean BMI increases with wealth tertile both for men and for 
women suggesting that without controlling for any other relevant factors, higher wealth 
is associated with higher BMI.  
Whether an individual lives in a rural or urban area influences BMI, predominantly 
through differences in diet and physical activity. Urban residents generally have 
lifestyles that are more sedentary and diets that are higher in fat and energy, both of 
which contribute to overweight (WHO 1998). Among the men and women in the two 
samples, 48-49 percent lives in urban areas.
25
 
The effect of marital status on BMI may go in either direction. On the one hand, 
individuals with lower BMI may be more likely to select into marriage, or married 
individuals be more likely to have a healthy BMI due to social support provided by their 
partner. On the other hand, those who are married may have a higher BMI if their social 
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 The opposite relationship generally holds in developed countries (Sobal, Stunkard 1989). 
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 For the country as a whole, 58 percent of the population lives in urban areas and 42 percent in urban 
areas (World Bank 2011b). 
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environment encourages eating more often and exercising less, or if they face less of an 
incentive to maintain a healthy BMI as they are no longer searching for a partner 
(Averett, Sikora et al. 2008).
26
 In the sample, the majority of men and women are 
married, and relatively more women (77 percent) than men (68 percent) (Table 18), 
which is as expected because women tend to marry at a younger age than men in 
Indonesia (United Nations 2010). 
 
2.4.5 District-Specific and Time Effects 
To account for district-specific effects that may affect BMI the model includes dummy 
variables for each district. Likewise, to control for year-specific effects, including the 
observed positive trend in BMI, dummies for year of birth are used. Interactions 
between year of birth and district primary enrollment rates in 1971 are included in the 
model to account for targeted SD INPRES programme allocation (Section 2.5). 
Moreover, interactions of year of birth and the rollout of the public water supply and 
sanitation programme across districts simultaneous to the SD INPRES programme are 
used to account for any direct effects of this programme on BMI. 
 
2.4.6 Instrumental Variables 
The SD INPRES Programme 
The number of primary schools in Indonesia increased gradually over the period 1956-
1965, but the construction effort slowed down after 1966 (UNESCO 1976). Indonesia’s 
first national five-year development plan 1968/69-1973/74 (Repelita I) focused on 
economic development and its education component was concerned almost exclusively 
with vocational and technical training, while ignoring the overall structure of education 
including primary education (Beeby 1979, World Bank 1989).  
In 1971, two years before the start of the SD INPRES programme, there were 
approximately 61,000 public primary schools under the jurisdiction of the Department 
of Education in the country, and in addition, there were about 20,000 Madrasah primary 
schools (World Bank 1975).
27
 Out of school-age children, 68 percent were enrolled, and 
the number of children nearing school age was increasing rapidly (Beeby 1979).  
The hike in oil prices in 1973/74 expanded the size of the Indonesian government 
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 Emerging evidence for developed countries increasingly points to a positive relationship between 
marriage and BMI (Sobal, Rauschenbach et al. 2003). 
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 Most of these schools had a status similar to that of the schools under the Department of Education and 
followed the state curriculum. 
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budget 2.5 times between 1973 and 1975, which substantially increased the 
Government of Indonesia’s (GOI) ability to finance the extensive education reforms 
that were part of the second national five-year development plan (Repelita II) (World 
Bank 1989).
28
  
Table 16 shows the number of primary schools to be constructed as part of the SD 
INPRES programme: 62,000 schools or equivalently 2 schools per 1,000 children aged 
5-14 in 1971. This constituted more than a doubling of the existing number of primary 
schools under the jurisdiction of the Department of Education in just five years.
29
 The 
expansion of the school supply was staggered with the number of schools constructed 
gradually increasing over the course of the SD INPRES programme.  
Each of the new schools had three classrooms, furniture, equipment, and toilets and 
textbooks were provided (UNESCO 1976). To ensure that the quality of schooling did 
not suffer due to teacher shortages as primary enrollment increased the GOI recruited 
and trained a large number of teachers. At the time, 25,000 new teachers entered the 
labor market annually and there were thousands of teachers not working as teachers due 
to the hiring freeze imposed in 1968 (World Bank 1989). The freeze was abolished in 
1973, the year the SD INPRES programme started, allowing the hiring of 18,000 new 
teachers and 41,000 temporary and part-time positions to be made permanent. As a 
result, student-teacher ratios remained nearly constant between 1973/74 (31.5:1) and 
1978/79 (31.8:1) (Beeby 1979, World Bank 1989). Combined with the provision of 
textbooks this indicates that the quality of primary schooling did not deteriorate during 
the SD INPRES programme (World Bank 1989, Duflo 2001). 
From 1960 until the start of the SD INPRES programme in 1973/74, average annual 
growth in primary enrollment was only 0.9 percent per year (World Bank 1989). 
However, during course of the SD INPRES programme the number of students enrolled 
in primary school increased dramatically from 13 million in 1972/73 to 19.1 million in 
1978/79 (Figure 11). 
Primary school fees were abolished for grades 1-3 in 1977 and for grades 4-6 in 
1978 (Chernichovsky, Meesook 1985). The removal of official school fees may also 
have contributed to the rise in enrollment after 1977/78 but as Figure 11 shows, the rise 
in primary enrollment was steady before and for about one year after fee abolition when 
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 Under Repelita II Rp436 billion were allocated to education compared to Rp36.6 billion under Repelita 
I (World Bank 1989). 
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 The number of schools planned corresponded very closely to the number of schools constructed (Beeby 
1979, World Bank 1989). 
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it slowed down. 
The intensity and timing of the construction of SD INPRES schools varied 
substantially across districts. An individual’s programme exposure is determined by the 
intensity of school construction in her district of schooling and age at the time SD 
INPRES schools were constructed in her district (Duflo 2001).  
The SD INPRES programme has been used to evalute the effect of increased school 
supply on schooling and wages for men (Duflo 2001). An interaction term between a 
dummy variable indicating age in 1974 (year first SD INPRES schools completed) and 
programme intensity in district of birth (number of SD INPRES school built per 1000 
children aged 5-14 in 1971) is used to capture SD INPRES programme exposure based 
on the 1995 intercensal survey of Indonesia (SUPAS).
30
 Using this variable a district in 
which all SD INPRES schools were constructed  in 1974, for example, is assigned the 
same programme intensity as a district in which same number of schools were 
constructed, but not until 1978 (Hertz, Jayasundera 2007). 
The effect of the SD INPRES programme on intergenerational education mobility 
has also been examined using IFLS data (Hertz, Jayasundera 2007). The programme 
exposure variable in this case is the average number of SD INPRES schools constructed 
before each of the six years of primary schooling for an individual, assuming that she 
attended primary school between ages 7 and 12. This variable takes advantage of the 
fact that schools were constructed at different times in different districts thereby 
capturing additional variation in SD INPRES exposure. 
The variation in SD INPRES school construction intensity by district and over time 
also informs the measure of programme exposure used in this chapter. Because the 
number of SD INPRES schools constructed by district was an increasing function of 
time the measure of programme intensity is the cumulative number of SD INPRES 
schools constructed per 1,000 children aged 5-14 years in a given district in the year 
before an individual started primary school. This programme intensity measure uses the 
fact that individuals born later in a given district, conditional on them being of 
appropriate age when the schools were constructed, have higher SD INPRES 
programme exposure. 
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 District of birth rather than district of schooling is used due to data limitations. However, it is district of 
schooling (highly correlated with district of birth) that determines programme exposure together with 
year of birth. 
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The likely endogeneity of schooling was discussed above. To address it, SD 
INPRES programme exposure is used together with father’s schooling (see below), to 
capture exogenous variation in schooling. For the SD INPRES programme to be a valid 
instrument it must be highly correlated with the endogenous variable schooling 
(relevance) and it must not be correlated with the error term in the BMI equation 
(exogeneity). Given the massive size of the SD INPRES programme and the rise in 
primary enrollment simultaneous with its rollout, it is feasible to assume that the 
programme affected enrollment and thereby schooling and therefore is a relevant 
instrument. For the SD INPRES programme to be exogenous it must only affect BMI 
through schooling, this seems a plausible assumption since the programme was 
allocated at the district level and as it would be difficult to think of channels other than 
schooling through which school construction may affect adult BMI. The issue of non-
random programme allocation is discussed below. The relevance and validity of the 
instrumental variables are formally tested in Section 2.6.  
An advantage of the IFLS data is that individuals who moved from their district of 
birth between birth and age 12 can be identified. In the female and male samples all 
individuals still lived in their district of birth at age 12, the age at which they are 
expected to complete primary school, which is important to correctly assign SD 
INPRES programme exposure.  
The issue of children who were over-age, i.e., older than seven when starting school, 
needs to be considered when constructing the SD INPRES programme exposure 
variable. The IFLS contain data on the age at which an individual started school, which 
could potentially be used to determine programme exposure for over-age individuals. 
However, among over-age school-starters there is substantial variation in the years of 
schooling completed, with a large proportion not completing the full six years of 
primary school, and a large fraction only obtaining three years of schooling or less. This 
makes it difficult to assign over-age school-starters correct programme exposure. 
Therefore, individuals who were 8-12 years old in the year in which SD INPRES 
schools were constructed in their district of schooling are excluded. Thus, individuals 
unexposed to the SD INPRES programme are those 13 years or older in the year SD 
INPRES schools were built in their district, and exposed individuals are those seven 
years or younger at the time of school construction. 
As a robustness check, the regressions are also run for a sample that includes 
children who were eight years old in the year SD INPRES schools were constructed in 
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their district and treats them as fully exposed to the programme (Section 2.6). 
An important aspect of the SD INPRES programme was that the new primary 
schools were to supplement rather than replace existing primary schools. The main 
objective was to provide school places for children who previously had no school to 
attend (Beeby 1979, Aziz 1990). Thus, the number of new schools to be built in each 
district was proportional to the number of children of appropriate school age not 
enrolled in 1972 (Chernichovsky, Meesook 1985, Aziz 1990). The location of schools 
was chosen by the district chief executive (bupati), after consultation with the heads of 
sub-districts and primary school inspectors based on three criteria. Schools were to be 
located where children were currently unable to start first grade in existing schools; 
preference should be given to urban areas where the population was mostly low-
income; and preference should be given to remote areas (UNESCO 1976). Because the 
main determinant of the allocation of SD INPRES schools to each district was the 
number of school-age children not enrolled in primary school before the programme 
started, the estimates may be biased due to correlation between prior enrollment rates 
and the programme. To control for the school allocation rule an interaction term 
between year of birth and the proportion of children enrolled in 1971 in each district is 
included in the model. 
The average number of SD INPRES schools constructed across all district was 2.2 
per 1,000 children over the period 1973/74-1978/79.
31
 For the men in the sample, mean 
SD INPRES programme exposure is 0.92 and for women 0.93 (the maximum 
cumulative number of SD INPRES schools constructed per 1,000 children in any 
district is 6.4) (Table 18).
32
 Table 20 presents mean years of schooling, father’s 
schooling, and BMI broken down by individuals exposed and not exposed to the SD 
INPRES programme by gender. Both for exposed men and women mean programme 
exposure is 1.4 schools per 1,000 children. Women exposed to the SD INPRES 
programme on average, have 3.6 years more schooling and their mean BMI is 1.6 points 
lower and their fathers have 2 years more of schooling than women not exposed. 
Similarly, exposed men have on average, more schooling (2.4 years), lower BMI (1.2 
                                                          
31
 For the exposed group, the minimum number of SD INPRES schools constructed per 1,000 children for 
a district was 0.6 and the maximum 7.7. 
32
 By construction, programme exposure of the unexposed group is zero. The reasons for the difference in 
the mean number of schools built per 1,000 children across districts and mean SD INPRES programme 
exposure is that the latter includes unexposed indviduals and uses the cumulative number of schools 
constructed in the year before starting school per 1000 children as the numerator and the number of 
children in that year as the denominator whereas the former uses the period total (1973/74-1978/79) 
number of schools as the numerator and the number of children in 1971 as the denominator. 
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points), and their fathers have more schooling (2 years). All differences are statistically 
significant for both men and women.
33
  
 
Father’s Schooling 
Father’s schooling is defined as formal years of schooling completed and was obtained 
by linking individuals in each IFLS wave with their parents. Mean years of schooling of 
fathers are similar for the female and male samples: about five years with a standard 
deviation of 3.8-3.9 years (Table 18). In the female sample, 23 percent of fathers have 
no schooling; 35 percent have completed primary schooling; and close to 9 percent have 
completed junior or senior secondary schooling respectively. The picture is roughly 
comparable for the male sample: 20 percent of fathers have no schooling; 35 percent 
have completed primary schooling; 8.5 percent junior secondary schooling; and 8 
percent senior secondary schooling. 
Father’s schooling is used as an instrument for schooling.34 This instrument is valid 
if an individual’s schooling is highly correlated with their father’s schooling, and 
father’s schooling only affects BMI through the schooling of their children. Father’s 
schooling is not a valid instrument if it is correlated with ability and the latter is not 
appropriately controlled for (Card 1999). In this case, the IV estimates would have an 
upward bias. However, even if father’s ability is correlated with his schooling and in 
turn correlated with his children’s ability, any bias stemming from this channel is likely 
to be relatively minor. This is because during the period when fathers in the sample 
were of school-age, economic factors and social class would arguably have been more 
important in determining schooling than ability as this was before the start of the SD 
INPRES programme that extended primary schooling opportunities to the general 
public.  
Another challenge to the validity of father’s schooling as an instrument is that 
parents with more schooling may invest more in their children’s health and health 
knowledge (Kenkel, Lillard 2006). In the case of schooling and BMI, arguably most of 
the effect of fathers’ schooling works through their children’s schooling. In particular, 
during the time period in which the individuals in the sample were brought up 
                                                          
33
 The fathers of those in the exposed groups tend to have more schooling because mean schooling has 
risen over time, and individuals in the unexposed group and therefore their parents are older than those in 
the exposed group. 
34
 Father’s schooling (together with occupation and mother’s schooling) has previously been used as an 
instrument for schooling to estimate the causal effect of schooling on blood pressure in the United States 
(Berger, Leigh 1989). 
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overweight was uncommon in Indonesia making it highly unlikely that any health 
knowledge imparted at home would have been concerned with how to refrain from 
gaining weight regardless of father’s (or mother’s) schooling levels. The validity of 
father’s schooling as an instrument is formally tested in Section 2.6. 
2.5 Conceptual Framework and Empirical Methodology 
This section begins by outlining the conceptual framework that underlies the empirical 
model. It then discusses the estimation methods and the first-stage schooling and 
second-stage BMI equations to be estimated. 
 
2.5.1 Conceptual Framework 
The demand for health framework on which the empirical model is based distinguishes 
between commodities defined as “fundamental objects of choice” and regular market 
goods (Grossman 1972: 224). In this framework, individuals produce commodities 
using a combination of their time and market goods and services. Individuals are 
endowed with an initial stock of health that depreciates over time and that can be 
improved through investment.  
Each individual has household production functions for each commodity where the 
inputs are time and market goods and the efficiency in producing health outputs depend 
on individual characteristics. For instance, an individual may choose how much time to 
allocate for physical activity and what diet to eat to achieve a certain weight and a more 
schooled individual may select a more efficient combination of the two. In this context, 
demand for health inputs derives from the demand for specific health levels (Grossman, 
Kaestner 1997). 
Using the demand for health model of Grossman (1972) reproduced below an 
individual maximizes an inter-temporal utility function where i is the time period,    is 
the initial health stock,   is the service flow per unit health stock, and    is total 
consumption of another commodity:
35
 
 
(1)                       
 
                                                          
35
 Grossman’s demand for health model is based on Becker’s time allocation model (Becker 1965). 
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The net investment in health stock is defined as gross investment minus depreciation 
where    is gross investment and    is the depreciation rate that may vary with age: 
 
(2)                 
 
Individuals generate gross investments in health and the other commodity based on 
their household production functions where    captures health inputs,    is the market 
goods input for the other commodity,     and    are the time allocated to produce each 
commodity, and    is the human capital stock:
36
 
 
(3)                  
 
(4)               
 
In the gross health investment function (equation 3) market goods may include a 
variety of health inputs including for instance, medical services, diet, and physical 
activity. The budget constraint for market goods is: 
 
(5) ∑
         
      
 ∑
     
      
 
 
 
  +    
 
where    is the price of health inputs and    the price of market goods inputs,   is 
the wage rate,    is initial assets, r is the interest rate, and     is hour worked. There is 
also a time constraint according to which total time available in any given time period, 
 , must equal the time used for all tasks: producing health, producing the other 
commodity, working, and time lost because of sick days,    : 
 
(6)                  
 
Combining the budget constraint and time constraint yields the total wealth 
constraint: 
 
(7) ∑
                        
      
 ∑
   
      
 
 
 
  +   
 
Individuals then maximize their utility subject to the household production functions 
and the total wealth constraint. Based on the first-order conditions, the present value of 
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 The production functions are assumed to be homogenous of degree one. 
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the marginal cost of gross investment must equal the present value of the marginal 
benefits.  
In this model, individual characteristics, in particular schooling, affect the efficiency 
with which health inputs are combined to generate health outputs. More schooled 
individuals may be more efficient in producing desired health outputs either because 
they generate more health outputs from a given set of inputs (productive efficiency), or 
because they have more and better knowledge of the importance and workings of 
certain health inputs and therefore choose a better combination of inputs (allocative 
efficiency) (Grossman 1972). 
Another important issue concerning the effect of schooling on health is the 
possibility of joint production (Grossman, Kaestner 1997). For example, an individual 
although aware of the consequences, may choose an unhealthy diet and insufficient 
physical activity if there are other factors that outweigh their negative effect on weight. 
For instance, by using the time that would have been spent on physical activity on work 
instead or by choosing a less healthy diet that takes less time to prepare in order to 
allocate more time to work. However, in general, more schooling is anticipated to 
improve health outputs. 
 
2.5.2 Estimating the Health Returns to Schooling 
The outcome of interest is the BMI of men and women in Indonesia who were 20-50 
years old in 2000. The relationship between schooling and BMI is estimated first by 
ordinary least squares to generate benchmark results then using a two-stage 
instrumental variable approach to examine the causal effect of schooling. 
Schooling and good health are typically positively correlated (Grossman, Kaestner 
1997). There are three possible reasons why: more schooling causes better health; better 
health causes more schooling; or there is no causality but rather unobserved 
heterogeneity (e.g., innate ability or preferences) causes schooling and health to change 
in the same direction (Grossman, Kaestner 1997, Schultz 2008).
37
  
Due to unobserved heterogeneity, reverse causation, and measurement error, 
ordinary least squares estimates of the effect of schooling on health tend to be biased 
and inconsistent (Behrman 1997).
38
 To estimate consistently the impact of schooling on 
                                                          
37
 Measurement error is arguably a minor issue as the sample consists of relatively young individuals. 
38
 There are several factors that may bias ordinary least squares estimates and the direction of such biases 
is likely to vary (Behrman 1997). 
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health one solution is to find a valid instrument, a variable that is highly correlated with 
the endogenous variable (relevance) and that is not correlated with the error term in the 
outcome equation (exogeneity). This chapter uses exposure to the SD INPRES 
programme and father’s schooling, as discussed earlier, to capture exogenous variation 
in schooling. The models estimate the total effect of schooling but do not reveal the 
channels, for instance, changes in diet and physical activity, through which schooling 
influences BMI outcomes. 
 
Benchmark Model 
The demand for health (BMI) equation is used to estimate the relationship between 
schooling and BMI. It controls for individuals’ marital status, rural/urban location, and 
household assets. The equation also includes dummies to control for district and year of 
birth specific effects. Interactions of year of birth with primary enrollment prior to the 
SD INPRES programme and with the water supply and sanitation programme in each 
district in 1971 are included to account for the targeted allocation of the SD INPRES 
programme and for other public programmes that may have affected health respectively 
(Duflo 2001). The benchmark BMI equation is then: 
 
                                                       
i=individual 
j=district of birth 
k=year of birth 
   = constant 
j = district of birth specific effect 
k = year of birth specific effect 
Sijk = completed years of schooling 
Ai= household assets 
Mi= marital status 
Ui= urban location 
Cj = interactions between year of birth and primary enrollment rate and between year of birth and water 
supply and sanitation programme in 1971 in each district 
uijk=unobservables (e.g., preferences) 
 
Instrumental Variable Estimation 
To assess the causal effect of schooling on BMI a two-stage instrumental variable 
approach is used. In the first-stage, schooling is regressed on all exogenous variables 
including SD INPRES programme exposure and father’s schooling to generate the fitted 
values for the second-stage BMI regression. The first-stage schooling equation is given 
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by: 
                                                           
Ei = completed years of schooling of father 
Pijk = programme exposure: cumulative number of schools constructed per 1,000 children aged 5-14 in 
district of schooling in year prior to starting primary school 
    =unobservables (e.g., innate ability) 
All other variables defined as above 
 
The second-stage equation for the impact of schooling on BMI is estimated using 
the fitted values of schooling from the first-stage. The identification comes from    and 
     in the first-stage. In the BMI equation,    captures the causal effect of schooling on 
BMI: 
                           ̂                             
 ̂  = predicted schooling 
    =unobservables (e.g., preferences) 
All other variables defined as above 
 
Exposure to the SD INPRES programme varies at the district level. To allow for 
correlation in the error structure for individuals within districts all standard errors are 
clustered at the district level. 
2.6 Results and Discussion 
This section first presents the ordinary least squares benchmark estimates. It then 
discusses the first-stage schooling regressions and tests of instrument relevance and 
validity. Then the findings on the causal effect of schooling on BMI for men and 
women in Indonesia are discussed. BMI equations are also estimated for the sub-sample 
of men for whom data on occupation type are available in an attempt to assess if the 
causal effect of schooling on overweight in Indonesia is partly working through 
occupation type. For ease of exposition, throughout the section the results for women 
are presented in parentheses next to those for men. 
 
2.6.1 Results from the Benchmark Model 
The results for the BMI equation estimated by ordinary least squares are shown in 
columns 1 and 3 in Table 23 for the samples of 4,300 men and 4,821 women. These are 
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estimates of the total effect of schooling on BMI, which do not reveal the channels 
through which schooling may influence BMI. 
Treating schooling as exogenous it is significantly related with higher BMI for men 
and a one standard deviation rise in schooling is associated with a 0.53 higher BMI. 
However, there is no significant effect of schooling for women. This compares to 
existing findings for Indonesia where men who have completed junior secondary school 
or more have significantly higher BMI than those with less schooling but is different for 
women whose BMI is found to rise with increasing schooling up until completion of 
primary schooling but with no additional effect thereafter (Witloear, Strauss et al. 
2011).  
Wealth affects BMI in the expected direction for men (women): those in the poorest 
tertile and middle tertile respectively have significantly lower BMI than those in the 
richest tertile similar to existing studies (Monteiro, Moura et al. 2004, Witloear, Strauss 
et al. 2011). For a man (woman) moving from the richest to the middle tertile is 
associated with a 0.54 (0.49) lower BMI and from the richest to the poorest tertile with 
a 0.65 (0.77) lower BMI. 
Living in an urban area and being married are both positively and significantly 
related to BMI, and the effects are much larger for women. On average, for men 
(women) in urban areas BMI is 0.38 (0.95) higher and for married men 0.54 (1.18) 
higher. This is in line with existing evidence that overweight is more common in urban 
areas and that married people are more likely to be overweight (Averett, Sikora et al. 
2008, Popkin 1999). 
 
2.6.2 Instrumental Variable Results 
The results from the first-stage schooling regressions are presented in Table 22. SD 
INPRES programme exposure and father’s schooling, the excluded instruments, are 
highly significant and positively related to schooling both for men and for women but 
the effect of programme exposure is smaller for women. For men (women) a one 
standard deviation increase in SD INPRES programme exposure is associated with 0.51 
(0.26) years of additional schooling and a one standard deviation increase in father’s 
schooling with 1.3 (1.4) additional years of schooling. The F-statistic for joint 
significance of the excluded instruments is high, 151 for the male sample and 274 for 
the female sample respectively, indicating that the instruments are highly relevant. 
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Poorer men and women have significantly less schooling as anticipated and the 
effects are of similar magnitude. Men (women) in the poorest tertile have on average 
2.3 (2.3) years less schooling and men (women) in the middle tertile 1.3 (1.3) years less 
schooling than men (women) in the richest tertile. 
Being married is associated with less schooling for both men and women but only 
significantly so for men who have 0.3 years less schooling than their unmarried 
counterparts. Men and women living in an urban area have significantly more 
schooling. Men (women) in urban areas have about 0.6 (0.7) additional years of 
schooling compared to those living in rural areas. 
The null of schooling exogeneity is rejected for all models, suggesting that 
schooling is endogenous in this context.
39
 Hansen’s J test for overidentification of all 
instruments does not reject its null, which indicates that the instrumental variables are 
valid providing further confidence for the choice of instruments.
40
 An equation for BMI 
that adds father’s schooling as an independent variable is also estimated and the 
coefficient on father’s schooling is not significantly different from zero supporting the 
argument that father’s schooling does not directly influence BMI (results not reported). 
The results from the second-stage BMI estimations are shown in Table 23. More 
schooling causes higher BMI for men in Indonesia (column 2). A one standard 
deviation (4 years) increase in schooling causes a 0.73 increase in BMI. For example, 
for a man of mean height (1.62 metres) and mean BMI (21.2), four additional years of 
schooling would increase his weight by 2 kilograms. By contrast, schooling does not 
cause BMI for women (column 4).  
These results can be compared to the study for Germany, which finds that more 
schooling leads to a higher probability of being obese for men but finds no significant 
causal effect of schooling on BMI for women (Jürges, Reinhold et al. 2011). Moreover, 
one of the studies for the United States finds that for women obesity differences by 
schooling are entirely the result of selection into different schooling levels (Conti, 
Heckman 2010). 
The instrumental variable effects of schooling on BMI are significantly larger than 
the ordinary least squares estimates: 0.183 compared to 0.132 respectively for men. 
That the instrumental variable estimates are notably larger is consistent with the 
findings of other studies (Arendt 2005, Grabner 2009, Clark, Royer 2010), and may be 
                                                          
39 
P-value = 0.0000
 
for
 
all cases. 
40
 P-value = 0.46 for men, P-value = 0.96 for women. 
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due to measurement error (Griliches 1977), or heterogeneous returns to schooling 
(Imbens, Angrist 1994). In the Indonesian case, those who decided to attend primary 
school in response to the increase in the primary school supply may have relatively 
higher health returns to schooling than those whose schooling decisions were not 
affected by the programme in which case the instrumental variable estimator gives the 
local average treatment effect. Nevertheless, since the SD INPRES programme affected 
such a large proportion of the sample the local average treatment effect should approach 
the average treatment effect (Devereux, Fan 2011). 
All other results are highly similar across estimation methods. Men and women who 
are poorer have significantly lower BMI and men and women who are married or live in 
an urban setting have significantly higher BMI. 
To address the issue of over-age children discussed in Section 2.4 all models are 
also estimated using female and male samples that include children who were 8-12 
years old (over-age) in the year SD INPRES schools were constructed in their district 
and which treats them as fully exposed to the programme and all results are highly 
similar (results not reported). 
To explore where along the BMI distribution schooling has an impact, i.e., whether 
more schooling moves men into the overweight (underweight) category, probit models 
treating schooling as exogenous and endogenous respectively, are estimated with an 
indicator variable equal to one if BMI categorises an individual as overweight 
(underweight) and zero otherwise.
41
  For the sample consisting of 3,287 normal and 
overweight men, those with more schooling are significantly more likely to be 
overweight (Table 24). Computing the average marginal effect, one additional year of 
schooling leads to an average increase of 0.115 in the probability of being overweight.  
Further, living in an urban as opposed to a rural area increases the probability of being 
overweight by 0.246. For the 3,618 men in the sample composed of normal and 
underweight men, those with more schooling are significantly less likely to be 
underweight in the regressions treating schooling as exogenous but there is no 
significant relationship when instrumenting for schooling (Table 24).    
For a preliminary exploration of potential channels through which schooling may 
cause higher BMI among men a model that includes dummy variables for occupation 
type: blue collar (agriculture, mining, construction, manufacturing, and utilities), service 
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 The instrumental variables are valid according to the F test of excluded instruments and Hansen J 
statistic respectively (first stage regression results not shown).  
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industry (services, communications, and transportation), and white collar (finance, 
business, and social services) are estimated. Summary statistics for this sub-sample of 
3,883 men are presented in Table 19. The men who do not report their occupation have 
less exposure to the SD INPRES programme, their fathers have less schooling, and they 
are less likely to be married, which may affect the comparability of results. Therefore, 
the main model is first re-estimated for the sub-sample and then with the additional 
occupation variables.  
Table 25 shows the first-stage schooling regressions and Table 26 the ordinary least 
squares and second-stage BMI regressions for the sub-sample of men for whom 
occupation data are available. The first-stage schooling and second-stage BMI results 
are generally similar to those for the full sample. Comparing the model without 
occupation variables (column 2) to the one that controls for occupation type (column 4) 
the causal effect of schooling on BMI declines somewhat from 0.78 to 0.72.  
As above, models using an indicator variable equal to one if a man is overweight 
(underweight) and zero otherwise as the dependent variables are estimated but now 
including the occupation variables.
42
 As before men with more (less) schooling are 
significantly more likely to be overweight (underweight) (Table 27). Men working in 
services are significantly more likely to be overweight than men with blue collar jobs 
and so are men with white collar jobs in the regressions treating schooling as 
exogenous. Based on the calculated average marginal effect working in services 
compared to having a blue collar job raises the probability of being overweight by 
0.284. 
This provides some very preliminary support that one mechanism through which 
more schooling causes higher BMI for men is the general shift from relatively energy-
intensive manual work to more sedentary service industry and perhaps also white collar 
jobs. At a minimum, this result precludes that more schooling reduces BMI for men. 
There is some preliminary evidence of such a mechanism in other countries as well 
(Jürges, Reinhold et al. 2011).  
More schooling may not only cause higher BMI via a shift from relatively energy-
intensive manual jobs to more sedentary ones but also through longer hours works, 
which leads to less time for physical activities outside of work and may induce a change 
from meals prepared at home to less healthy pre-prepared and fast food (Courtemanche 
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 The instrumental variables are again valid according to the F test of excluded instruments and Hansen J 
statistic respectively (first stage regression results not shown).  
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2009). New evidence for Indonesia in addition finds that more schooling causes higher 
wages and that men exposed to the SD INPRES programme have a higher relative risk 
of being in a white collar than a blue collar occupation and a higher probability of 
having a wage earning job than being self-employed (Chapter 3). This means that 
higher BMI may also be linked to higher wages that allow individuals a higher caloric 
intake with potential implications for BMI if there is no adjustment to calories expended 
and also by the shift away from blue collar jobs. 
2.7 Conclusion 
This chapter is the first to assess the causal effect of schooling on BMI in a developing 
country. Two results stand out for Indonesia: more schooling causes higher BMI for 
men and there is no causal effect of schooling on BMI for women. Such a differential 
effect of schooling on BMI of men and women has previously been found in developed 
countries (Conti, Heckman 2010). These results compare to the findings of a recent 
non-causal study of Indonesia, which finds that men with more schooling have 
significantly higher BMI than men with no schooling, and that women with more 
schooling have significantly higher BMI but that there is no additional effect after 
completion of junior secondary school (Witloear, Strauss et al. 2011). 
This chapter also provides some very preliminary evidence that the shift from blue 
collar, relatively energy-intensive jobs to relatively more sedentary white collar and 
service sector jobs may be one contributing factor to why more schooling increases 
BMI for men. Higher wages related to more schooling may also contribute by allowing 
a higher calorie diet. 
However, new research is required to understand through which other mechanisms, 
for instance, changes in social norms and the role of deprived backgrounds, schooling 
causes higher BMI (Graham, Felton 2005, Akee, Simeonova et al. 2010). Such 
information is crucial for the design of public policies that can effectively decelerate the 
increase in overweight and overweight-related chronic diseases in Indonesia and other 
developing countries. 
 
94 
 
Table 15. Literacy, primary enrollment, and schooling attainment in Indonesia, 1971 
 
Source: (World Bank 1975) 
 
 
Table 16. SD INPRES programme investments, 1973/74-1978/79 
 
Sources: (World Bank 1989, World Bank 1984). 
 
 
Total Female Male Rural Urban
Literacy (%) 60 49 71 55 79
Population with no 
schooling (%)
41 52 30 45 22
Population with complete 
primary schooling (%)
19 15 24 27 18
New primary 
schools
Primary school 
books 
(millions)
SD INPRES 
allocation
 (billions of rupiah)
SD INPRES 
allocation as % of 
total public 
spending
1973/74 6,000 6.6 17.2 1.5
1974/75 6,000 6.9 19.7 1.0
1975/76 10,000 7.3 49.9 1.9
1976/77 10,000 8.6 57.3 1.6
1977/78 15,000 7.3 85.0 2.0
1978/79 15,000 8.5 111.8 2.1
Total 62,000 45.2 341 -
Note: All schools constructed had 3-classroom blocks. Textbooks in mathematics and Bahasa 
Indonesia.
SD INPRES programme investments
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 Table 17. Variable description 
 
 
 
Variable Description
asset Weighted household asset index 
blue collar Dummy variable equal to 1 if respondent has blue collar job
bmi Body mass index for each respondent (weight in kg/height in metres squared)
district Dummy variable for respondent's district of schooling
father's schooling Father's years of completed schooling
married Dummy variable equal to 1 if respondent is currently married
middle tertile Dummy variable equal to 1 if respondent is in middle third based on asset index
poorest tertile Dummy variable equal to 1 if respondent is in poorest third based on asset index
proportion enrolled in 1971 Fraction of children enrolled in primary school in each district in 1971
richest tertile Dummy variable equal to 1 if respondent is in richest third based on asset index
schooling Years of completed schooling
SD INPRES pgm exposure Exposure to SD INPRES school construction programme
service industry Dummy variable equal to 1 if respondent has service industry job
urban Dummy variable equal to 1 if urban
water supply and sanitation Water supply and sanitation programme per capita spending in each district 1973-1978
white collar Dummy variable equal to 1 if respondent has white collar job
year of birth Dummy variable for respondent's year of birth
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Table 18. Summary statistics (full sample) 
 
 
 
Table 19. Summary statistics (small sample) 
 
 
 
Mean Std. Dev. Mean Std. Dev.
asset 6.0 5.7 6.1 5.8
bmi 21.2 3.1 22.2 3.7
father's schooling 5.0 3.8 4.9 3.9
married 0.68 0.47 0.77 0.42
proportion enrolled in 1971 0.17 0.06 0.16 0.06
schooling 8.5 4.0 7.5 4.3
SD INPRES pgm exposure 0.92 0.96 0.93 0.96
urban 0.49 0.50 0.48 0.50
water supply and sanitation 0.45 0.22 0.45 0.20
year of birth 1968 9 1968 9
observations
Men Women
4300 4821
Mean Std. Dev.
asset 5.9 5.6
blue collar 0.55 0.50
bmi 21.3 3.1
father's schooling 4.8 3.7
married 0.74 0.4
proportion enrolled in 1971 0.16 0.06
schooling 8.3 4.0
SD INPRES pgm exposure 0.86 0.94
service industry 0.23 0.42
urban 0.47 0.50
water supply and sanitation 0.45 0.2
white collar 0.22 0.41
year of birth 1967 9.3
observations 3883
Men
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Table 20. Mean schooling, father’s schooling, and BMI by gender and SD INPRES 
programme exposure 
 
 
 
Table 21. Frequency of BMI outcomes by gender 
 
 
 
Mean not exposed exposed difference
schooling 6.8 9.3 2.4*
father's schooling 3.7 5.7 2.0*
BMI 22.1 20.8 -1.2*
observations 1404 2896
Mean not exposed exposed difference
schooling 5.1 8.7 3.6*
father's schooling 3.6 5.6 2.0*
BMI 23.3 21.7 -1.6*
observations 1519 3302
Note: *statistically different at one percent.
SD INPRES programme
Men
Women
Men (%) Women (%)
underweight 15.9 13.6
normal weight 72.8 65.4
overweight or obese 11.3 21.0
Total 100 100
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Table 22. First-stage schooling regressions (full sample) 
 
 
 
Men Women
(1) (2)
Dependent variable: schooling OLS OLS
poorest tertile -2.2887*** -2.3293***
(0.1564) (0.1418)
middle tertile -1.2757*** -1.3074***
(0.1517) (0.1312)
married -0.3318** -0.1096
(0.1317) (0.1160)
urban 0.5914*** 0.6867***
(0.1869) (0.1489)
SD INPRES pgm exposure 0.5266*** 0.2691***
(0.1504) (0.0912)
father's schooling 0.3473*** 0.3714***
(0.0201) (0.0161)
district Y Y
year of birth Y Y
year of birth*proportion enrolled 1971 Y Y
year of birth*water supply and sanitation Y Y
F test of excluded instruments
(F statistic/P-value)
151.42/0.000 274.29/0.000
Observations 4300 4821
R-squared 0.240 0.287
Robust standard errors clustered at district level in parentheses.  ***p<0.01, **p<0.05, 
*p<0.1. All regressions include a constant. Excluded category is richest tertile.
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Table 23. BMI regressions (full sample) 
 
 
 
(1) (2) (3) (4)
Dependent variable: body mass index OLS IV OLS IV
schooling 0.1318*** 0.1833*** 0.0006 0.0079
(0.0155) (0.0483) (0.0174) (0.0423)
poorest tertile -0.6502*** -0.4970*** -0.7727*** -0.7493***
(0.1250) (0.1845) (0.1678) (0.1889)
middle tertile -0.5425*** -0.4579*** -0.4933*** -0.4804***
(0.1337) (0.1560) (0.1627) (0.1667)
married 0.5351*** 0.5501*** 1.1773*** 1.1788***
(0.1222) (0.1170) (0.1273) (0.1241)
urban 0.3844*** 0.3352** 0.9456*** 0.9377***
(0.1441) (0.1430) (0.1807) (0.1848)
district Y Y Y Y
year of birth Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
Hansen J statistic (overidentification test of all 
instruments, P-value)
0.459 0.956
Observations 4300 4300 4821 4821
R-squared 0.180 0.060 0.173 0.052
Men Women
Robust standard errors clustered at district level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
All regressions include a constant term. Schooling is instrumented. Excluded category is richest tertile.
100 
 
Table 24. Over- and underweight regressions (men) 
 
 
 
(1) (2) (3) (4)
Probit IV Probit Probit IV Probit
schooling 0.0602*** 0.1148*** -0.0235** 0.0177
(0.009) (0.027) (0.010) (0.028)
poorest tertile -0.3975*** -0.2221* -0.0078 0.1119
(0.087) (0.119) (0.093) (0.133)
middle tertile -0.3586*** -0.2595** -0.0511 0.0164
(0.105) (0.113) (0.097) (0.116)
married 0.1261 0.1465 -0.2270*** -0.2120***
(0.113) (0.109) (0.075) (0.075)
urban 0.2968*** 0.2456*** 0.0394 0.0014
(0.090) (0.093) (0.080) (0.083)
district Y Y Y Y
year of birth Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
Hansen J statistic (overidentification test of 
all instruments, P-value)
0.320 0.421
Observations 3287 3287 3618 3618
Robust standard errors clustered at district level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions 
include a constant term. Schooling is instrumented. Excluded asset category is richest tertile.
Overweight
Dependent variable: 
Overweight/underweight dummy
Underweight
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Table 25. First-stage schooling regressions (small sample, men) 
 
 
 
(1) (2)
Dependent variable: schooling OLS OLS
poorest tertile -2.3066*** -2.0843***
(0.1620) (0.1616)
middle tertile -1.2803*** -1.1456***
(0.1590) (0.1597)
married -0.3477** -0.2793**
(0.1358) (0.1314)
urban 0.5259*** 0.3786*
(0.1960) (0.1955)
service industry 0.2265
(0.1467)
white collar 1.6688***
(0.1920)
SD INPRES pgm exposure 0.5575*** 0.4932***
(0.1795) (0.1606)
father's schooling 0.3499*** 0.3310***
(0.0212) (0.0217)
district Y Y
year of birth Y Y
year of birth*proportion enrolled 1971 Y Y
year of birth*water supply and sanitation Y Y
F test of excluded instruments
(F statistic/P-value)
136.44/0.000 117.32/0.000
Observations 3883 3883
R-squared 0.239 0.271
Men
Robust standard errors clustered at district level in parentheses. ***p<0.01, **p<0.05, 
*p<0.1. All regressions include a constant. Excluded asset category is richest tertile, 
excluded occupation category is blue collar.
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Table 26. BMI regressions (small sample, men) 
 
 
 
(1) (2) (3) (4)
Dependent variable: body mass index OLS IV OLS IV
schooling 0.1366*** 0.1944*** 0.1286*** 0.1824***
(0.0159) (0.0483) (0.0160) (0.0508)
service industry 0.4962*** 0.4769***
(0.1256) (0.1211)
white collar 0.3845** 0.2788*
(0.1488) (0.1672)
poorest tertile -0.7149*** -0.5433*** -0.6513*** -0.5082***
(0.1334) (0.1905) (0.1344) (0.1866)
middle tertile -0.5592*** -0.4639*** -0.5247*** -0.4459***
(0.1354) (0.1571) (0.1364) (0.1555)
married 0.5548*** 0.5703*** 0.5422*** 0.5529***
(0.1253) (0.1193) (0.1238) (0.1181)
urban 0.3678** 0.3182** 0.3060** 0.2707*
(0.1518) (0.1493) (0.1473) (0.1446)
district Y Y Y Y
year of birth Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
Hansen J stat (overidentification test of all 
instruments, p-value)
0.312 0.355
Observations 3883 3883 3883 3883
R-squared 0.191 0.066 0.196 0.072
Men
Robust standard errors clustered at district level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant 
term. Schooling is instrumented. Excluded asset category is richest tertile, excluded occupation category is blue collar.
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Table 27. Over- and underweight regressions (small sample, men) 
 
 
(1) (2) (3) (4)
Probit IV Probit Probit IV Probit
schooling 0.0627*** 0.1141*** -0.0196** 0.0200
(0.011) (0.030) (0.010) (0.031)
poorest tertile -0.3605*** -0.2125* 0.0361 0.1377
(0.086) (0.119) (0.102) (0.140)
middle tertile -0.3398*** -0.2551** -0.0322 0.0253
(0.108) (0.120) (0.108) (0.124)
service industry 0.3101*** 0.2835*** -0.1443** -0.1632**
(0.081) (0.081) (0.070) (0.071)
white collar 0.1982** 0.0764 -0.0251 -0.0958
(0.092) (0.112) (0.084) (0.092)
married 0.1823* 0.1917* -0.2102** -0.2015**
(0.111) (0.107) (0.082) (0.082)
urban 0.2869*** 0.2545*** 0.0473 0.0231
(0.091) (0.094) (0.085) (0.087)
district Y Y Y Y
year of birth Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
Hansen J stat (overidentification test of all 
instruments, p-value)
0.482 0.506
Observations 2967 2967 3213 3213
Underweight
Dependent variable: 
Overweight/underweight dummy
Robust standard errors clustered at district level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions 
include a constant term. Schooling is instrumented. Excluded asset category is richest tertile, excluded 
occupation category is blue collar.
Overweight
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Figure 8. Mean BMI in Indonesia by gender, 1980-2008 
 
Source: (WHO 2011b). 
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Figure 9. Overweight in Indonesia, China, and India by gender, 2004 
 
Source: (WHO 2011a). 
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Figure 10. Overweight related causes of death in Indonesia, China, and India by gender, 2004 
  
Source: (WHO 2011b). 
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Figure 11. Primary enrollment and school-age population, 1971-1982 
 
Note: School-age population is children aged 7-12 years. 
Source: (World Bank 1975, World Bank 1989). 
 
 
Figure 12. Empirical CDF of BMI by gender, 2000 
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Figure 13. Distribution of schooling by gender, 2000 
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Chapter 3: Do Supply-Side Education Programmes 
Work? The Impact of Increased School Supply on 
Schooling and Wages in Indonesia Revisited 
 
 
 
 
Abstract 
Indonesia each year allocates a large proportion of its total public spending to education 
and it is important to understand whether different groups, for instance, children from 
less advantageous socioeconomic backgrounds or girls benefit differentially from these 
public investments. It is also desirable to comprehend whether schooling translates into 
increases in wages that are similar in size for both for men and for women who obtain 
additional schooling. This chapter uses the large-scale Presidential Instruction Primary 
School construction programme (SD INPRES) rolled out in Indonesia in the 1970s to 
examine the effect of increased school supply on schooling attainment: overall, by 
gender, and by socioeconomic background. It also constructs a new SD INPRES 
programme exposure variable that is used as an instrument for schooling to assess the 
causal effect of schooling on wages and whether the additional schooling induced by 
the programme had differential impacts for men and women. To preview the findings, 
SD INPRES programme exposure significantly increased schooling both for men and 
for women. Moreover, women benefitted more from the SD INPRES programme than 
men and so did individuals from less advantageous socioeconomic backgrounds 
contributing to a narrowing of schooling gaps by gender and by socioeconomic 
background. In addition, more schooling is found to cause higher wages for men and 
women and there appears to be an additional positive effect on wages for women 
through the additional schooling induced by the SD INPRES programme. Further, men 
exposed to the SD INPRES programme have a significantly higher relative risk of 
having a white collar than blue collar occupation and a higher probability of being in 
wage employment rather than self-employed which suggests that more schooling partly 
causes higher wages through occupation choice and employment type. 
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3.1 Introduction 
Individuals with more schooling tend to earn more, have better health outcomes, lower 
fertility, and live longer (Card 1999, Grossman, Kaestner 1997, Strauss, Thomas 1995). 
However, schooling can also provide benefits to society by promoting economic growth 
and development, narrowing gender earnings gaps, increasing earnings mobility, and 
encouraging civic participation (Barro 2001, Behrman, Stacey 1997, Fields 2008, 
Milligan, Moretti et al. 2004, Orazem, King 2008).  
The private and social benefits of schooling are the reason governments each year 
allocate large proportions of their total public spending to education. However, despite 
large-scale investments in schooling, gender gaps in schooling persist and so do 
differences in schooling by socioeconomic background (Orazem, King 2008).  
Indonesia also allocates a large proportion of its total public spending to education 
and it is crucial to understand if different groups, for instance, children from less 
advantageous socioeconomic backgrounds or girls benefit differentially from these 
public investments.
43
 It is also important to comprehend whether schooling translates 
into increases in wages that are similar in size for both men and women who obtain the 
additional schooling.
44
 Existing empirical studies of the causal effect of schooling on 
the return to schooling tend to focus, however, on the overall effect on wages (Card 
1999, Card 2001). 
This chapter empirically examines the effect of the large-scale Presidential 
Instruction Primary School construction programme (SD INPRES) in Indonesia in the 
early 1970s on schooling attainment and wages with the objective of answering three 
questions. First, did the SD INPRES programme raise schooling attainment? Second, 
did the SD INPRES programme have a differential effect on schooling attainment 
depending on socioeconomic background or gender? Third, did more schooling cause 
higher wages and if so was the effect the same across men and women? 
The SD INPRES programme has previously been used to assess the effect of 
increased school supply on schooling attainment and the return to schooling in a 
seminal paper (Duflo 2001). However, the effect of the SD INPRES programme was 
                                                          
43
 In Indonesia, education accounted for 18 percent of total public spending in 2006 and for 12 percent in 
1975 (Herold, Khan et al. 1983, UNESCO 2008). 
44
 Assuming they are similar with respect to all other relevant characteristics. 
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only examined for men and potential differential effects by socioeconomic background 
were not explored. The programme has also been used to examine the effect of 
increased school supply on schooling attainment (Hertz, Jayasundera 2007). 
Nevertheless, that study does not examine the effect of schooling on wages and uses a 
different SD INPRES programme exposure variable, which produces inconclusive 
results. 
This chapter thus aims to pull all the pieces together in order to provide results on 
the effect of the SD INPRES programme on schooling: overall, by gender, and by 
socioeconomic background, and on the causal effect of schooling on wages with a 
particular focus on whether the additional schooling induced by the programme had 
differential impacts for men and women. 
To preview the findings, SD INPRES programme exposure significantly increased 
schooling both for men and for women. Moreover, women benefitted more from the SD 
INPRES programme than men and so did individuals from less advantageous 
socioeconomic backgrounds thus contributing to a narrowing of schooling gaps by 
gender and by socioeconomic background. More schooling is found to cause higher 
wages for men and women but there appears to be an additional positive effect on 
wages for women through the additional schooling induced by the SD INPRES 
programme, which contributes towards reducing the gender wage gap. 
The remainder of this chapter is organized as follows. The next section reviews the 
literature relevant to the analysis in this chapter. Section 3.3 describes the primary 
school system in Indonesia prior to the SD INPRES school construction programme and 
the programme itself. In Section 3.4 the sample and data used to assess the effect of 
increased school supply on schooling and whether more schooling causes higher wages 
in Indonesia are discussed. The conceptual framework and empirical methodology on 
which the estimations are based are outlined in Section 3.5. In Section 3.6 the findings 
and robustness checks are presented and discussed. Finally, Section 3.7 concludes. 
3.2 Literature Review 
The literature on the relationship between schooling and wages is vast (Card 1999, 
2001, Strauss, Thomas 1995, Schultz 1988). To examine the causal effect of schooling 
on wages instrumental variable methods are frequently used because schooling is 
arguably endogenous due to omitted variables and measurement error, which leads to 
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bias in standard ordinary least squares estimates (Ashenfelter, Harmon et al. 1999, Card 
1999). A valid instrumental variable must be highly correlated with the endogenous 
schooling variable (relevance) and must not affect the outcome of interest, wages, 
directly (exogeneity). Much of the recent literature has used changes in institutional 
features of schooling systems such as minimum school leaving age and distance to 
school as instruments for schooling, which are argued to be plausibly exogenous (Card 
2001). The existing evidence on the causal effect of schooling on wages, most of which 
is for developed countries, finds that more schooling causes higher wages (Ashenfelter, 
Harmon et al. 1999, Card 1999, Schultz 1988). 
The focus in this section is on studies for developing countries that use measures of 
schooling availability as instrumental variables to assess the causal effect of schooling 
on wages. The first-stage regressions in these studies are of interest in their own right 
for understanding the effect of supply-side school infrastructure policies on school 
attainment. One study on Indonesia that examines the relationship between the 
expansion of school supply and schooling attainment but not the effect of schooling on 
wages is also reviewed. 
A study of the return to primary schooling for men in Honduras uses variation in 
schooling availability measured by the number of primary school teachers per capita as 
an instrument for schooling (Bedi, Gaston 1999). The argument is that children who 
were school-age at times when schooling availability was higher faced lower costs of 
schooling and therfore would obtain more schooling than those who were of school-age 
when schooling availability was relatively low. The sample consists of 2,014 men aged 
16-64 years. The ordinary least squares estimates of the return to schooling treating 
schooling as exogenous suggest a return to schooling of 6.1 percent, using an alternative 
sample and adjusted specification the estimated return is 14.0 percent. Parental 
schooling is found to be positively and significantly related to wages, raising earnings 
by about 2.5 percent and this effect it is argued to work through ability. In the first-stage 
schooling regressions, higher schooling availability is significantly associated with 
more schooling and the F-test for excluded instruments suggests that the instrument is 
relevant. Moreover, the children of parents with more schooling have significantly more 
schooling themselves. The instrumental variable estimates of the effect of schooling are 
roughly 2.5 times larger than the ordinary least squares estimates and the estimated 
return to schooling is 16.9 percent. However, parental schooling is not longer 
significantly related to the return to schooling. There are potential issues with the 
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chosen measure of schooling availability, for example, if the number of primary 
teachers per capita is higher in richer schools, which may cater to students that are 
systematically different from students in poorer schools along unobserved 
characteristics. 
Using distance to secondary school and its square and the presence of private 
secondary schools as instruments for schooling the return to schooling is estimated for 
rural Philippines (Maluccio 1998). Several household characteristics at the time the 
individuals in the sample attended school are used as additional instruments including  
father’s and mother’s schooling and household wealth variables. However, the results 
from the models that include these additional instruments are not discussed here as 
these instruments may not be valid (Dearden 1999). The sample consists of men and 
women who were 20-44 years old in 1994. The dependent variable is daily wages and 
according to the ordinary least squares estimates the return to schooling is 7.3 percent. 
In the first-stage schooling regressions, distance to the closest secondary school is 
negatively and significantly related to schooling and the F-statistic for the excluded 
instruments ranges from 8.2 to 15.6 indicating that the instruments are relevant. Given 
the potential problems related to using parental schooling as instrumental variables, 
only the results based on distance and squared distance to secondary school and 
presence of private secondary schools are discussed. The returns to schooling is 14.5 
percent based on this set of instrumental variables compared to the ordinary least 
squares estimate of 7.3 percent. It is argued that about a third the difference in the 
estimates is due to measurement error and the remainder to heterogenous returns to 
schooling. 
The Presidential Instruction Primary School construction programme (SD INPRES) 
used in this chapter has previously been exploited to assess the effect of increased 
school supply on schooling attainment and the return to schooling in a seminal paper on 
Indonesia (Duflo 2001). Here, the main features of the earlier study and the results most 
relevant to the findings in this chapter are reviewed whereas the SD INPRES 
programme is described in detail in Section 3.3. In 1973/74, the Government of 
Indonesia (GOI) rolled out the massive SD INPRES programme during which the 
number of primary schools in the country nearly doubled. The SD INPRES programme 
was targeted at underserved areas that had relatively low primary enrollment prior to the 
programme. Exposure to the SD INPRES programme is determined by the intensity of 
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school construction in district of birth at the time an individual started school.
45
 An 
interaction term between a dummy variable indicating age in 1974 (year first SD 
INPRES schools completed) and programme intensity in district of birth (number of SD 
INPRES school built per 1000 children aged 5-14 in 1971) is used to capture SD 
INPRES programme exposure based on the 1995 intercensal survey of Indonesia 
(SUPAS). Only results for the sample of 31,061 male wage earners who were 23-45 
years old in 1995 are discussed as these are most relevant to the findings in this chapter. 
The dependent variable of interest is monthly wages. In the first-stage regressions, SD 
INPRES programme exposure is significantly related to schooling and suggests that one 
additional school per 1,000 children increased schooling of exposed children by 0.2 
years. The estimated return to schooling is nearly 7.0 percent treating schooling as 
exogenous but rises to 7.6-9.0 percent when instrumenting for schooling.  
However, based on this variable for SD INPRES exposure, a district in which all SD 
INPRES schools were constructed  in 1974, for example, is assigned the same 
programme intensity as a district in which same number of schools were constructed but 
not until 1978 (Hertz, Jayasundera 2007). A more recent study also uses the SD 
INPRES programme to assess the effect of the SD INPRES programme on schooling 
(and on intergenerational educational mobility) but based on a different measure of SD 
INPRES programme exposure (Hertz, Jayasundera 2007). The programme exposure 
variable in this case is the average number of SD INPRES schools constructed before 
each of the six years of primary schooling for an individual, assuming that she attended 
primary school between ages 7 and 12. This variable takes advantage of the fact that 
schools were constructed at different times in different districts thereby capturing 
additional variation in SD INPRES exposure. The data come from the Indonesia Family 
Life Survey (IFLS), the same data as those used in this chapter, and the effect of the SD 
INPRES programme on schooling attainment is examined separately for roughly 5,142 
men and 5,742 women aged 24-50 years in 2000. Men exposed to the SD INPRES 
programme have significantly more schooling (0.30-0.56) whereas there is no effect of 
the programme for women. More parental schooling (mean of father’s and mother’s 
schooling) is significantly associated with more schooling for both men and women 
(0.50-0.63). An interaction for SD INPRES programme exposure and parental 
                                                          
45
 District of birth rather than district of schooling is used due to data limitations. However, it is district of 
schooling (which is highly correlated with district of birth) that determines programme exposure together 
with year of birth and programme intensity. 
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schooling is also included and suggests that the effect of SD INPRES programme 
exposure declines as parental schooling increases, i.e., children of parents with 
relatively less schooling seemingly benefitted more from the programme. 
A recent study for Indonesia examines not only the average but also the marginal 
returns to upper secondary schooling (Carneiro, Lokshin et al. 2011). Distance from 
community of residence to nearest secondary school where distance takes the value zero 
if there is a school in the community of residence and one otherwise is used as an 
instrument for schooling together with interactions of distance with parental schooling, 
religion, age, and distance to a health center. It may be that individuals choose to locate 
close to a secondary school for reasons correlated with wages in which case distance to 
nearest secondary school is not a valid instrument. To counter this possibility detailed 
controls for individual and regional characteristics are included after which distance to 
secondary school is treated as exogenous. To measure schooling two variables are used. 
First, a dummy variable that is zero for less than upper secondary schooling and one for 
upper secondary schooling or more, and second, a continuous variable years of 
schooling, and results for both are reviewed. The sample comprises 2,608 men who 
were 25-60 years in 2000 who are wage-earners and the data come from the IFLS. In 
both sets of first-stage regressions, distance to secondary school is negatively and 
signficantly associated with schooling (results are not reported for the interaction terms) 
and father’s and mother’s schooling are positively and significantly related to schooling. 
For the regressions using the dichotomous secondary schooling variable the instrument 
is relevant based on the F-test of the significance of excluded instruments. But in the 
first-stage regressions using the continuous schooling variable the F-statistic is 3.6, 
which is relatively low with potential implications for bias (Bound, Jaeger et al. 1995, 
Staiger, Stock 1997). In the wage equations the dependent variable is log hourly wages. 
Using the dichotomous schooling variable the annualized ordinary least squares 
estimate of the return to upper secondary schooling is 9.0 percent compared to 12.9 
percent for the instrumental variable estimate. When using years of schooling instead, 
the estimated return to upper secondary schooling is 9.6 percent not accounting for the 
endogeneity of schooling and the instrumental variable estimate is again larger at 15.7 
percent. For the ordinary least squares estimates father’s schooling is positively and 
significantly related to wages but based on the instrumental variable estimates it is not, 
which is similar to the studies above. This is discussed further in Section 3.6. The return 
to schooling may be heterogenous and the estimates suggest that this may be the case; 
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the estimated return to schooling is 26.9 percent for the average student in upper 
secondary school compared to 14.2 percent for the marginal student. 
3.3 The Primary School System and SD INPRES Programme 
This section first provides an overview of the primary school system and schooling in 
Indonesia prior to the SD INPRES programme. It then describes the design and 
implementation of the programme. 
 
3.3.1 The Primary School System and Schooling in the 1970s 
In the early 1970s before the massive primary SD INPRES school construction 
programme began, Indonesia had a population of 104 million living in 26 provinces on 
approximately 3,000 islands speaking roughly 250 different languages (Beeby 1979). 
The school system consisted of six years of primary school; three years of junior 
secondary school; and three years of senior secondary school. The legal minimum 
school starting age was six, but the majority of children began school at age seven and 
some at an even older age, primarily due to shortages of school places. The typical 
primary school had one principal and five to six teachers and between 150-300 students 
(Beeby 1979). 
Indonesia had a relatively high capacity to enroll primary school aged children in 
1971, with a gross primary enrollment ratio of 80 percent. However, due to large 
numbers of over-age students, only 68 percent of eligible children (net primary 
enrollment) were enrolled and rural children and girls were much less likely to be 
enrolled than urban students and boys respectively (World Bank 1975). Moreover, 
dropout rates were relatively high. 13 percent of children enrolled in primary school 
dropped out before grade three; 24 percent before grade four; and more than 55 percent 
before grade six. Out of those reaching grade six, only 61 percent graduated (Beeby 
1979).  
The majority of parents interviewed in education surveys at the time cited lack of 
money as the main reason for their child dropping out. The cost of sending a child to 
school including school fees imposed a barrier to entry for children from poor 
households, and when parents sent their children to school, they were frequently unable 
to keep them in school (Daroesman 1972).  
There were two types of primary school fees in the early 1970s, entrance fees and 
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monthly fees collected by parents’ association for public schools. To increase 
transparency and accountability and reduce fees for the poor, a fixed, single parental 
contribution (SPP) was introduced in 1971 to replace the old fee system (Beeby 1979). 
The SPP comprised 1-2 percent of household income depending on costs in the area in 
which the household resided (World Bank 1975). In addition, there were other direct 
costs for uniforms, school supplies, and transport, and the opportunity cost of sending 
children to school. 
As well as the high cost of schooling many parents considered three to four years of 
schooling adequate feeling that the literacy and numeracy skills achieved at these 
schooling levels were sufficient for the needs of their children (Beeby 1979).  
The constraints of the primary school system were evident in schooling outputs and 
outcomes. In 1970, average years of schooling of the adult population (15 years and 
older) was only 2.8 years; 41 percent of the population had no schooling at all; and just 
19 percent had completed primary schooling (World Bank 1975, Barro, Lee 2010). 
Merely 60 percent of the adult population was literate.  
There were also large differences by location and gender: 79 percent of the urban 
population was literate but only 55 percent of the rural population and merely 49 
percent of women compared to 71 percent of men. Moreover, among children whose 
fathers had professional occupations only 1 percent had no schooling, the corresponding 
proportions for children of fathers with mid-level occupations was 15 percent and for 
children of fathers with low-level occupations a staggering 84 percent (Table 28). 
Together these data underline the differences in schooling opportunities in Indonesia 
depending on gender, location, and socioeconomic group in the early 1970s. 
 
3.3.2 The SD INPRES programme 
The number of primary schools in Indonesia increased gradually over the period 1956-
1965, but the construction effort slowed down after 1966 (UNESCO 1976). Indonesia’s 
first national five-year development plan 1968/69-1973/74 (Repelita I) focused on 
economic development and its education component was concerned almost exclusively 
with vocational and technical training, while ignoring the overall structure of education 
including primary education (Beeby 1979, World Bank 1989). In 1971, two years 
before the start of the SD INPRES programme, there were approximately 61,000 public 
primary schools under the jurisdiction of the Department of Education in the country, 
and in addition, there were about 20,000 Madrasah primary schools (World Bank 
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1975).
46
 Out of school-age children, 68 percent were enrolled, and the number of 
children nearing school age was increasing rapidly (Beeby 1979).  
The hike in oil prices in 1973/74 expanded the size of the Indonesian government 
budget 2.5 times between 1973 and 1975, which substantially increased the 
Government of Indonesia’s (GOI) ability to finance the extensive education reforms 
that were part of the second national five-year development plan (Repelita II) (World 
Bank 1989).
47
  
An important aspect of the SD INPRES programme was that the new primary 
schools were to supplement rather than replace existing primary schools. The main 
objective was to provide school places for children who previously had no school to 
attend (Aziz 1990, Beeby 1979). Thus, the number of new schools to be built in each 
district was proportional to the number of children of appropriate school age not 
enrolled in 1971/72 (Chernichovsky, Meesook 1985, Aziz 1990). 
The location of schools was chosen by the district chief executive (bupati) after 
consultation with the heads of sub-districts and primary school inspectors based on 
three criteria. Firstly, schools were to be located where children were currently unable 
to start first grade in existing schools, and preference should be given to low-income 
urban and remote areas (UNESCO 1976). 
Each new school had three classrooms, furniture, equipment, and toilets and 
textbooks were provided (UNESCO 1976). To ensure that the quality of schooling did 
not suffer due to teacher shortages as primary enrollment increased the GOI recruited 
and trained a large number of teachers. At the time, 25,000 new teachers entered the 
labor market annually and there were thousands of teachers not working as teachers due 
to the hiring freeze imposed in 1968 (World Bank 1989). The freeze was abolished in 
1973, the year the SD INPRES programme started, enabling the hiring of 18,000 new 
teachers and 41,000 temporary and part-time positions to be made permanent. As a 
result, student-teacher ratios remained nearly constant between 1973/74 (31.5:1) and 
1978/79 (31.8:1) (Beeby 1979, World Bank 1989). Due to careful planning the quality 
of primary schooling did not seem to deteriorate during the SD INPRES programme 
implying that any effect of the programme operated through changes in quantity not 
quality of schooling (Beeby 1979, Duflo 2001, World Bank 1989). 
                                                          
46
 Most of these schools had a status similar to that of the schools under the Department of Education and 
followed the state curriculum. 
47
 Under Repelita II Rp436 billion were allocated to education compared to Rp36.6 billion under Repelita 
I (World Bank 1989). 
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Table 29 shows the number of primary schools to be constructed as part of the SD 
INPRES programme: 62,000 schools or equivalently 2 schools per 1,000 children aged 
5-14 in 1971. This constituted more than a doubling of the existing number of primary 
schools under the jurisdiction of the Department of Education in just five years.
48
 The 
expansion of the school supply was staggered with the number of schools constructed 
gradually increasing over the course of the SD INPRES programme.  
From 1960 until the start of the SD INPRES programme in 1973/74, average annual 
growth in primary enrollment was only 0.9 percent per year (World Bank 1989). 
However, during course of the SD INPRES programme the number of students enrolled 
in primary school increased dramatically from 13 million in 1972/73 to 19.1 million in 
1978/79 (Figure 14). 
Primary school fees were abolished for grades 1-3 in 1977 and for grades 4-6 in 
1978 (Chernichovsky, Meesook 1985). The removal of official school fees may also 
have contributed to the rise in enrollment after 1977/78 but as Figure 14 shows, the rise 
in primary enrollment was steady before and for about one year after fee abolition when 
it slowed down. 
 
Feasibility of the SD INPRES Programme as a Natural Experiment 
To assess the feasibility of using the SD INPRES programme to capture exogenous 
variation in schooling a difference-in-difference (DID) estimator is used (Duflo 2001). 
The estimate of the effect of the SD INPRES programme on schooling is obtained as 
the difference in differences between individuals exposed and not exposed to the SD 
INPRES programme in high and low programme intensity regions respectively. To 
determine whether a district is assigned as high or low programme intensity a regression 
of the number of SD INPRES schools on the number of school-aged children for all 
districts are run (results not reported). All SD INPRES schools constructed had three 
classrooms, toilets, furniture, and equipment (see above). For positive residuals a 
district is defined as high programme intensity and for negative residuals as low 
programme intensity. In low programme intensity districts the mean number of SD 
INPRES schools constructed over the period 1973/74-1978/79 per 1,000 children aged 
5-14 was 1.5 compared to 2.6 in high programme intensity districts. 
                                                          
48
 The number of schools planned corresponded very closely to the number of schools constructed (Beeby 
1979, World Bank 1989). 
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As Table 30 shows, individuals in low programme intensity districts had more 
schooling (1.7 and 1.3 additional years respectively)  on average than those in high 
programme intensity districts as expected since the SD INPRES programme targeted 
areas with low primary enrollment (Aziz 1990). Mean schooling attainment is higher 
also for exposed individuals (2.3 and 2.0 additional years respectively) than those not 
exposed in both high and low programme intensity districts. The DID estimate of the 
SD INPRES programme effect is 0.34 years of schooling. This is larger than a previous 
corresponding estimate for Indonesia of 0.12 years of schooling (Duflo 2001). The 
smaller estimate is from a different sample of men only whereas the sample in this 
chapter includes both men and women, and it may be that the average return to 
schooling is higher for women.  
3.4 Sample Characteristics and Data 
This section describes the sample, data, and instrumental variables used to examine the 
effect of the increase in primary school supply under the SD INPRES programme on 
schooling attainment and to assess the causal effect of schooling on wages in Indonesia. 
Variable descriptions and summary statistics for all variables are provided in Table 31 
and Table 32. 
 
3.4.1 Sample 
The data used for the analysis come from the Indonesia Family Life Survey (IFLS), a 
repeated socioeconomic and health survey run by the RAND Corporation and the 
Center for Population and Policy Studies of the University of Gadjah Mada in 
Indonesia. The first three rounds of the survey: IFLS1, IFLS2, and IFLS3 conducted in 
1993, 1997 and 2000 respectively are used. The 10,435 households interviewed in 
IFLS3 live in 13 of Indonesia’s 26 provinces, and represent approximately 83 percent of 
the Indonesian population in 1993 (Strauss, Beegle et al. 2004). The 13 provinces 
covered by the IFLS are: Sumatra Utara, Sumatra Barat, Sumatra Selantan, Lampung, 
DKI Jakarta, Java Barat, Java Tengah, DI Yogyakarta, Java Timur, Bali, Nusa Tenggara 
Barat, Kalimantan Selantan, and Sulawesi Selantan, which are the most densely 
populated areas in Indonesia (Annex figure 1). 
The unit of analysis is men and women aged 25-50 years in 2000. This age group 
was chosen to include individuals not exposed and exposed to the SD INPRES 
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programme, which started in 1973/74 and is used as an instrumental variable, and to 
ensure they were old enough to be working at the at the time of the survey.  
Keeping observations for which data on wages (and all other variables used in the 
analysis) are available the sample is reduced from 10,320 to 3,146 (4,023) observations. 
The exclusion of self-employed workers is due to the lack of earnings data for this 
group. Means across wage and non-wage earners are similar except for the share of 
women, which is significantly larger among non-wage earners (34 percent) than among 
wage earners (56 percent), and that non-wage earners have significantly less schooling 
(1.5 years) than wage earners. Consequently, the findings may not apply to non-wage 
earners who may be systematically different from wage earners. A previous study of 
Indonesia finds some evidence of sample selection for with the SD INPRES programme 
impact being somewhat smaller for the full sample compared to the subsample of wage 
earners (Duflo 2001). 
The data on SD INPRES programme school construction, the INPRES water supply 
and sanitation programme, and the primary school enrollment rate in each district in 
1971 come from administrative records for 1973-1979 (BAPPENAS 1973, 1974, 1975, 
1976, 1978). The IFLS data were merged with the administrative data, which was very 
time consuming as several of the 283 districts (kabupaten) changed name, some more 
than once, between 1973/74 when the SD INPRES programme started and 2000 when 
the third IFLS wave was fielded. 
 
3.4.2 Data 
Schooling 
Schooling attainment is the dependent variable in the first set of regressions that 
examine the effect of the SD INPRES programme on schooling in general and for poor 
children and girls in particular. It is also the main independent variable of interest in the 
assessment of the effect of schooling on wages. In this chapter, schooling is defined as 
years of formal schooling and is constructed by combining the reported highest grade 
and level of formal schooling completed.  
In the sample, mean years of schooling is 8.6 with a standard deviation of 4.5 years. 
Figure 15 shows the heaping of schooling around the completion of each schooling 
level. Almost 6 percent have no schooling; 20 percent have completed primary 
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schooling; 28 percent have completed junior secondary school; 12 percent have 
completed senior secondary school, and 12 percent have a university education. 
Examining schooling for those exposed and not exposed to the SD INPRES 
programme reveals differences across the two groups. Mean schooling is higher for 
those exposed to the programme, 9.5 years compared to 7.4 years for those not exposed 
(Table 33). The difference in schooling across the exposed and unexposed groups is 
significantly different indicating that the SD INPRES programme, without controlling 
for any other factors that also influence schooling, is associated with more schooling in 
the sample. 
Schooling is arguably endogenous in the analysis of wages and estimates of the 
effect of schooling on wages obtained by ordinary least squares estimation will 
therefore be biased and inconsistent (Card 1999, Card 2001). There are two main 
sources of bias in this context. The first is unobserved heterogeneity such as differences 
in ability or family background that influence both schooling and wages and for which 
the direction of bias is ambiguous (Griliches 1977, Sander 1992). Second, schooling 
may be measured with error, especially as recall periods become longer, and due to 
grade repetition, which tend to bias the estimates of the effect of schooling on wages 
downward (Behrman, Deolalikar 1991, Griliches 1977, McCrary, Royer 2011). 
To obtain consistent estimates of the effect of schooling on wages this chapter uses 
SD INPRES programme exposure and an interaction term for SD INPRES programme 
exposure and father’s schooling to capture exogenous variation in schooling. 
 
Wages 
The dependent variable in wage equation is the natural log of monthly wages measured 
in local currency. In addition to monthly wages, the number of hours normally worked 
per week (and last week) and the number of weeks normally worked per year, which 
could be used to construct hourly wages, are reported. However, dividing monthly 
wages by the number of hours typically worked each week times the number of weeks 
typically worked is likely to increase measurement error. Therefore, monthly wages is 
the preferred variable, although it to some extent confounds the effects of labour supply 
and human capital. Individuals with more schooling generally work more hours and as a 
result, the estimates of the return to schooling tend to be higher for annual wages than 
hourly wages (Card 1999). To address the issue of part-time workers, about 28 percent 
of the sample, a dummy variable that captures part-time work is included in the model. 
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Wages are roughly normally distributed with a mean of Rupiah 220,000 per month 
for the sample. To put this into some context, mean wages for Indonesian wage earners 
and self-employed workers in 1999 were roughly Rupiah 347,000 per month (self-
employed workers are excluded from the sample as discussed earlier) and the 
Indonesian poverty line, was Rupiah 16,700 per month in 1990 (Dhanani, Islam 2004).  
 
SD INPRES programme exposure 
The intensity and timing of the construction of SD INPRES schools varied substantially 
across districts. In this chapter, an individual’s programme exposure is determined by 
the intensity of SD INPRES school construction and age at the time SD INPRES 
schools were constructed in her district following the approach in Duflo (2001). 
However, the exposure measure used here defines programme intensity differently and 
uses more of the variation in the timing of school construction to attempt to capture 
more of the exogenous variation in SD INPRES school construction for each individual 
(Figure 16).  
Duflo (2001) was first to use the SD INPRES programme to evalute the effect of 
increased school supply on schooling and the return to schooling for men in Indonesia 
as discussed in Section 3.2. Exposure to the SD INPRES programme was constructed as 
an interaction term between a dummy variable indicating age in 1974, the year the first 
SD INPRES schools were completed, and programme intensity defined as the number 
of SD INPRES school built per 1000 children aged 5-14 in 1971 (Figure 16). 
Individuals 12-14 years old in 1974 constitute the unexposed group and individuals who 
were 2-6 years old in 1974 comprise the exposed group (those who were 7-11 years old 
in 1974 are excluded from the sample). However, based on this exposure variable an 
individual in a district in which all SD INPRES schools were constructed  in 1974, for 
instance, is assigned same programme exposure as an individual in a district in which 
same number of schools were constructed but not until 1979 (Hertz, Jayasundera 2007). 
The SD INPRES programme was also used to examine the effect of increased school 
supply on schooling attainment for men and women (but not wages) based on IFLS 
data, also discussed in Section 3.2 (Hertz, Jayasundera 2007). This study treats 
individuals born in 1950-61 as not exposed to the SD INPRES programme, those born 
1962-71 as partially exposed and those born 1972-76 as fully exposed (Figure 16). The 
programme intensity in this case is the average number of SD INPRES schools 
constructed before each of the six years of primary schooling for an individual. Based 
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on this measure of SD INPRES programme exposure, in a district that constructs three 
schools each year for three years, exposure would be assigned as three schools for an 
individual regardless of whether she is of school-starting age in year 1, year 2, or year 3. 
In another district, which also constructs nine schools over three years but builds all 
nine schools in year 3, an individual would be assigned exposure of 3 schools regardless 
of whether she starts school in year 1, 2 or 3 although only the individual who starts 
school in year 3 is exposed to the SD INPRES programme. 
The variation in SD INPRES school construction intensity by district and over time 
also informs the measure of programme exposure used in this chapter (Figure 16). 
Individuals aged 7 years or younger when the first SD INPRES school was built in their 
district comprise the exposed group and those aged 13 years or older form the not 
exposed group (individuals aged 8-12 years (over-age) when SD INPRES schools were 
constructed are excluded from the main sample).
49
 Because the number of SD INPRES 
schools constructed by district was an increasing function of time the measure of 
programme intensity is the cumulative number of SD INPRES schools constructed per 
1,000 children aged 5-14 years in a given district in the year before an individual started 
primary school. This programme intensity measure uses the fact that individuals born 
later in a given district, conditional on them being of appropriate age when the schools 
were constructed, have higher SD INPRES programme exposure and avoids the 
potential problem associated with using the average number of schools discussed above. 
Moreover, due to difficulties of assigning correct programme exposure to over-age 
school starters (see below) instead of assuming that all individuals born 1962-71 are 
partially exposed as in Hertz and Jayasundera (2007), some of these individuals may 
have been fully exposed, some partially and some not at all, this chapter excludes 
potentially partially exposed individuals from the main sample. 
An advantage of the IFLS data is that individuals who moved from their district of 
birth between birth and age 12 can be identified. Among all individuals born between 
1950 and 1975, 13 percent moved before turning 12 years old, the age at which primary 
school is completed, and these observations are excluded from the sample to ensure 
correct assignment of SD INPRES programme exposure.
50
 The group means for the 
movers and non-movers are similar except that the share of women is significantly 
                                                          
49
 The regressions are also run for another sample that includes over-age school starters and assigns them 
full programme exposure (Sample 2) as a robustness check. 
50
 Assuming that children started school at the official school-starting age and that there is no grade 
repetition. 
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larger and mean schooling significiantly lower among the movers, which implies that 
movers and non-movers may be systematically different. This is similar to findings for 
rural Philippines (Maluccio 1998). Consequently, if movers are systematically different 
from non-movers, for example, poorer people may be more likely to move and have less 
schooling, the findings will not apply to the former. 
The issue of children who were over-age, i.e., older than seven when starting school, 
needs to be considered when constructing the SD INPRES programme exposure 
variable. The IFLS contain data on the age at which an individual started school, which 
could potentially be used to determine programme exposure for over-age individuals. 
However, among over-age school-starters there is substantial variation in the years of 
schooling completed, with a large proportion not completing the full six years of 
primary school, and a large fraction only obtaining three years of schooling or less. This 
makes it difficult to assign over-age school-starters correct programme exposure. 
Therefore, individuals who were 8-12 years old in the year in which SD INPRES 
schools were constructed in their district of schooling are excluded. Consequently, 
individuals unexposed to the SD INPRES programme are those 13 years or older in the 
year SD INPRES schools were built in their district, and exposed individuals are those 
seven years or younger at the time of school construction (sample 1).  
However, as a robustness check, a sample (sample 2) that includes individuals who 
were over-age at the time SD INPRES schools were constructed in their district is also 
used and these individuals are treated as fully exposed to the SD INPRES programme.  
That schooling is likely endogenous in the analysis of schooling and wages was 
discussed above. For the SD INPRES programme to be a valid instrument it must be 
highly correlated with the endogenous variable schooling (relevance) and it must not be 
correlated with the error term in the wage equation (exogeneity). Because of the 
massive size of the SD INPRES programme and the rise in primary enrollment 
simultaneous with its rollout, it is reasonable to assume that the programme affected 
schooling attainment and therefore constitutes a relevant instrument. Instrument 
relevance is formally tested in Section 3.6. 
For the SD INPRES programme to be exogenous it must only affect wages through 
schooling. Given that the main determinant of the allocation of SD INPRES schools to 
each district was the number of school-age children not enrolled in primary school 
before the programme started, the estimates may be biased due to correlation between 
prior enrollment rates and the programme. To control for the school allocation rule an 
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interaction term between year of birth and the proportion of children enrolled in 1971 in 
each district is included in the model. In addition, the number of school-age children in 
1971 is negatively related to the number of SD INPRES schools constructed per child. 
The likely reason is that, on average, districts with more school-age children were those 
with more schools before the programme started (less remote areas) and therefore these 
districts were allocated fewer SD INPRES schools since by construction the programme 
targeted underserved areas. To prevent this correlation from biasing the estimates 
downward an interaction term between a cohort of birth dummy and the proportion of 
the population aged 5-14 in 1971 is used (Duflo 2001).  
The identifying assumption is that the observed increase in schooling would not 
have varied systematically across districts in the absence of the SD INPRES 
programme, which cannot be tested directly. However, a falsification exercise 
examining the difference between SD INPRES and non-SD INPRES districts in 
schooling attainment of two groups (individuals aged 12-17 in 1974 and individuals 
aged 18-24 in 1974) neither of which was exposed to the SD INPRES programme finds 
no signficant difference (Duflo 2001). 
The identification assumption also fails to hold if the allocation of other 
contemporaneous public programmes that affected schooling is correlated with the 
allocation of SD INPRES schools. This may be the case for the Repelita II water supply 
and sanitation programme rolled out concurrently with the SD INPRES programme. If 
allocation of the SD INPRES programme and the water supply and sanitation 
programme are correlated, improved access to clean water and sanitation may lead to 
healthier children who obtain more schooling, affecting schooling in the same direction 
as the SD INPRES programme. Alternatively, the water supply and sanitation 
programme may act as a proxy for poor child health if it was allocated to districts with 
high morbidity and mortality (as was the case in Indonesia), and children of poorer 
health obtain less schooling, thereby affecting schooling in the opposite direction to the 
SD INPRES programme. To control for this possibility, interaction terms for year of 
birth and the allocation of the water supply and sanitation programme are included 
(Duflo 2001). 
The high cost of schooling discussed above led the GOI to abolish school fees to 
ensure that school-age children would not be prevented from enrolling in the new SD 
INPRES schools due to cost. To make sure that fee abolition does not bias the estimates 
upwards a dummy variable for individuals whose schooling decisions were potentially 
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affected by fee abolition, those who started school after 1977/78, is included, which 
previous studies have not done. 
To account for district-specific effects that may affect wages the model includes 
dummy variables for each district. Likewise, to control for year-specific effects 
dummies for year of birth are used. After including the controls discussed above it is 
argued that the exogeneity assumption is valid. The validity of the instrumental 
variables is also formally tested in Section 3.6. 
The average number of SD INPRES schools constructed was two schools per 1,000 
children over the period 1973/74-1978/79. In the sample, mean SD INPRES programme 
exposure is 0.64 (Table 32). Mean SD INPRES programme exposure and schooling for 
individuals exposed and not exposed respectively to the SD INPRES programme are 
shown in Table 33.
51
 For exposed individuals mean programme exposure is 1.1 schools 
per 1,000 children (the largest cumulative number of SD INPRES schools built per 
1,000 children in any district before an individual started school is 6.4) and on average, 
they have 2.1 more years of schooling than those not exposed, and these differences are 
statistically significant.
52
 
 
Father’s Schooling 
Socioeconomic background influences schooling attainment and wages (Dearden 1999, 
Freeman 1986, Schultz 1988,). Socioeconomic background, which is in this chapter is 
captured by father’s schooling, is included to help account for parental investments in 
their children’s human capital that are not fully captured by schooling and for 
unobservable ability (Strauss, Thomas 1995). To examine whether the SD INPRES 
programme was successful in targeting children from less advantageous socioeconomic 
backgrounds and whether increased schooling translates into higher wages regardless of 
socioeconomic background an interaction term between father’s schooling and the 
programme is included.
53
  
Father’s schooling is chosen rather than household income or consumption for two 
reasons. First, no data on household income or consumption for the period 1950-75 are 
                                                          
51
 By construction, programme exposure of the unexposed group is zero. The reason for the difference in 
the mean number of schools built per 1,000 children across districts and mean SD INPRES programme 
exposure is that the latter uses the cumulative number of schools constructed in the year before starting 
school per 1000 children as the numerator and the number of children in that year as the denominator 
whereas the former uses the period total (1973/74-1978/79) number of schools as the numerator and the 
number of children in 1971 as the denominator. 
52
 The highest number of SD INPRES schools built per 1,000 children in any district is 6.4. 
53
 Some studies use parental schooling to control for ability (Card 1999). 
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available for individuals exposed and not exposed to the SD INPRES programme. 
Second, it tends to constitute a broader and more stable measure over time of 
socioeconomic background than income or consumption. 
Father’s schooling is defined as formal years of schooling attained and was obtained 
by linking individuals in IFLS with their parents. The mean schooling of fathers is 5.2 
years with a standard deviation of 3.9 years (Table 32), which is lower than mean 
schooling of their sons (8.9 years).
54
 Moreover, among the fathers, 20 percent have no 
schooling; 36 percent have completed primary schooling; and 10 percent and 9 percent 
have completed junior or senior secondary schooling respectively. The large difference 
in schooling attainment for fathers and sons is largely a result of the SD INPRES 
programme during which primary enrollment became nearly universal. 
 
Gender 
In developing countries, women tend to have less schooling than men and earn lower 
wages including in Indonesia (Behrman, Deolalikar 1995, Oey-Gardiner 1991, Strauss, 
Thomas 1995, UNESCO 2004). Reasons for gender differences in schooling and wages 
include the possibility that families invest more in the schooling of sons if the return to 
their schooling is higher than that for daughters, or if sons are expected to provide 
security in old age (Strauss, Thomas 1995). Another possibility is that the cost of 
sending girls to school is relatively higher than that for boys if girls help at home. 
However, the opposite may also be the case, that the cost of schooling for boys is 
relatively higher if they help with agricultural work for example (Oey-Gardiner 1991). 
Differences in schooling may also reflect cultural norms that value the schooling of 
boys and girls differently (Oey-Gardiner 1991, Strauss, Thomas 1995). 
In the sample, 34 percent are women (Table 32). To capture any differences in 
schooling attainment and in wages by gender a dummy variable that takes the value one 
for women is included in the model. In addition, to examine whether the SD INPRES 
programme affected the schooling of men and women differentially, an interaction term 
between gender and SD INPRES programme exposure is used. 
3.5 Conceptual Framework and Empirical Methodology 
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 Mean schooling of fathers and sons are compared rather than that of fathers and their sons and 
daughters as women tend to have less schooling than men in Indonesia. 
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This section outlines the human capital model that underlies the empirical model. It then 
discusses the first-stage schooling equation, the wage equation, and estimation methods. 
 
3.5.1 Conceptual Framework 
The empirical model of schooling and wages is based on a standard human capital 
model (Becker 1965, Becker 1964, Ben-Porath 1967, Freeman 1986, Mincer 1958). In 
the basic model below reproduced from Freeman (1986), individuals invest in human 
capital through time spent in school, and the return to schooling,  , is given by the 
continuous investment function: 
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Here   is the number of years individuals with no schooling work and   the number 
of year individuals with schooling work.   is earnings for individuals without the 
relevant schooling.    is earnings for individuals with schooling after completing 
school and   
  is earnings during their time in school.   is the direct cost of schooling 
(e.g., school fees, materials) and   is the years of schooling. In the model, the 
discounted present value of earnings of individuals who do not go to school is captured 
by the first term. The second term is the discounted present value of earnings for those 
who invest in schooling after they have completed schooling and the third term is their 
net earnings during their time in school. Under the assumption that net earnings while in 
school average out to zero; workers with schooling retire later; and earnings are not 
influenced by age or experience, equation 1 becomes: 
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Taking logs yields equation 4:   
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This is the standard semi-log earnings function used to estimate the schooling and 
earnings relationship and in which   captures the return to schooling. 
 
3.5.2 Estimating the Effect of the SD INPRES Programme on Schooling 
To examine whether exposure to the SD INPRES programme is associated with more 
schooling, and whether there is a differential impact of the programme depending on 
socioeconomic background and gender, the schooling equation is estimated by ordinary 
least squares. This equation also provides the first-stage for the instrumental variable 
estimation.   
In the first-stage, schooling is regressed on all exogenous variables including SD 
INPRES programme exposure and the interaction of SD INPRES schooling and father’s 
schooling to generate the fitted values for the second-stage wage regression. The 
equation also includes controls for father’s schooling, gender, an interaction of gender 
with SD INPRES programme exposure, a dummy variable for fee abolition, and district 
and year of birth specific effects.  
Interactions of year of birth with primary enrollment and with the proportion of 
children in each district in 1971 are included to control for the school allocation rule 
(Duflo 2001). Finally, an interaction between year of birth and the water supply and 
sanitation programme is used to control for the possibility that this public programme 
contemporaneous to the SD INPRES programme also affected wages (Duflo 2001). The 
first-stage schooling equation is given by: 
 
                                                                         
 
i=individual 
j=district of birth 
k=year of birth 
   = constant 
j = district of birth specific effect 
k = year of birth specific effect 
Sijk = years of schooling 
Pijk = SD INPRES programme exposure: cumulative number of schools constructed per 1,000 children 
aged 5-14 in district of schooling in year prior to starting primary school 
      = interaction between SD INPRES programme exposure and father’s schooling 
Ei = completed years of schooling of father 
  = dummy variable equal to one if woman 
      = interaction between SD INPRES programme exposure and gender 
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  = dummy variable for fee abolition 
Cj = interactions between year of birth and primary enrollment rate; year of birth and proportion of 
school-age children; and year of birth and water supply and sanitation programme in 1971 in each district 
    =unobservables (e.g., innate ability) 
 
3.5.3 Estimating the Return to Schooling 
The wage equation is first estimated by ordinary least squares using schooling to 
generate benchmark results for the relationship between schooling and wages.
55
 To 
assess if more schooling causes higher wages the fitted values of schooling from the 
first-stage are used in the second-stage wage equation: 
 
                       ̂                                     
 
    = monthly wages (natural log) 
 ̂  = predicted schooling 
    =unobservables 
All other variables defined as above 
 
The identification comes from     and        in the first-stage and    captures the 
causal effect of schooling on wages. This model estimates the total effect of schooling 
but does not reveal the channels through which schooling influences wages. 
3.6 Results and Discussion 
This section begins by presenting the first-stage schooling results and tests of 
instrument relevance and validity. These results are of key interest as they reveal the 
effect of the increase in school supply on schooling attainment. Next, the estimates of 
the effect of schooling on wages are discussed. 
 
3.6.1 The Effect of School Supply on Schooling Attainment 
The results from the first-stage schooling regressions are shown in Table 34. Columns 
1-3 contain the estimates for the main sample (sample 1) and columns 3-5 the results for 
the sample that includes children who were overage (8-12 years) at the time SD 
INPRES schools were constructed in their district and treats them as fully exposed 
(sample 2).  
                                                          
55
 This wage equation (not shown) is the same as the second-stage equation shown above except years of 
schooling are used rather than the fitted values from the first-stage schooling equation. 
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The preferred estimates are those in columns 2 and 5 that control for fee abolition, 
part time work, and allocation of the water supply and sanitation programme in addition 
to the other covariates discussed above. The regressions are also run without controlling 
for part-time work and this does not change the results (columns 3 and 6). 
The results in Table 34 show that individuals exposed to the SD INPRES 
programme have significantly more schooling (columns 1-3). A one standard deviation 
increase in exposure (0.82 schools per 1,000 children of school-age) is associated with 
0.8 additional years of schooling. This effect is smaller when not controlling for the 
water supply and sanitation programme similar to the findings in a previous study 
(Duflo 2001). As discussed in Section 3.4, the water supply and sanitation programme 
may capture poor child health and targeted some of the same districts as the SD 
INPRES programme. If children of poorer health acquire less schooling, the water 
supply and sanitation programme will affect schooling in the opposite direction to the 
SD INPRES programme. 
SD INPRES exposure is also associated with more schooling for the sample that 
includes overage school-starters (columns 4-6) but the effect is somewhat smaller (0.6 
years), which would be consistent with the notion of some observations being assigned 
as fully exposed although they were only partly, or not exposed at all to the programme. 
The positive effect of the SD INPRES programme on schooling is similar to other 
evidence for Indonesian men (Duflo 2001, Hertz, Jayasundera 2007). 
The interaction term for SD INPRES programme exposure and father’s schooling is 
negatively and significantly related to schooling and of similar size across the two 
samples (-0.107). This provides some evidence that children from less favourable 
socioeconomic backgrounds, as measured by father’s schooling, benefitted more from 
the SD INPRES programme. This finding is similar in size and direction to those of an 
earlier study of Indonesia and a study of Honduras for men (Bedi, Gaston 1999, Hertz, 
Jayasundera 2007). Moving on to the second interaction term between SD INPRES 
programme exposure and gender, it is positively and significantly associated with 
schooling (0.64 and 0.55 in columns 2 and 5 respectively) indicating that girls 
benefitted relatively more from the programme. Thus, it appears poorer children and 
girls benefitted relatively more from the SD INPRES programme. This comes as no 
surprise since the programme was targeted at underserved areas where initial enrollment 
was low, and because children from poorer families and girls were less likely to be 
enrolled prior to the SD INPRES programme as described in Section 3.3. 
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However, in general, being a girl is significantly associated with fewer years of 
schooling but this is partly offset by exposure to the SD INPRES programme (columns 
2 and 5). Individuals whose fathers have more schooling have significantly more 
schooling and a one standard deviation (4 years) rise in father’s schooling is 
significantly associated with roughly 2.2 additional years of schooling. This is similar to 
previous studies for Indonesia and other countries (Bedi, Gaston 1999, Carneiro, 
Lokshin et al. 2011, Hertz, Jayasundera 2007). 
Fee abolition is controlled for in columns 2, 3, 5, and 6. However, there is no 
discernible independent effect of abolition of fees on schooling, which suggests that it 
did not increase schooling as discussed earlier (Figure 11). 
The instrumental variables are relevant with the F-statistic for the excluded 
instruments ranging from 12.5 to 17.1 for the main sample and from 14.8 to 16.0 for the 
larger sample including overage school-starters (Bound, Jaeger et al. 1995, Staiger, 
Stock 1997). The instruments are also valid across all specifications and across the two 
samples based on the Hansen J-test (columns 4-6 in Table 35 and Table 36 
respectively).  
As a robustness check, wages are regressed on the SD INPRES programme 
exposure variable and the interaction of the programme and fathers’ schooling for the 
main sample and the sample including overage school-starters. The coefficients on the 
excluded instruments are not significant, which further indicates that the SD INPRES 
programme affected wages through schooling and not directly. 
 
School supply and employment and completion outcomes 
An additional set of regressions that examine if the SD INPRES programme is 
correlated with other outcomes related to schooling are shown in Annex table 1-Annex 
table 8. The main sample is first divided by gender and then by socioeconomic 
background (SES) at the time an individual attended school. The latter is captured by 
father’s level of schooling because no household income or asset data are available for 
the sample for the period during which the SD INPRES programme was rolled out (see 
above).
56
 The first outcome variable is employment type (wage earner or self-
employed) and the equations are estimated using probit models. The second outcome 
                                                          
56
 The sample is split into three groups: Low socioeconomic background (low SES) when fathers have no 
schooling, middle socioeconomic background (middle SES) when fathers have some or complete primary 
schooling and high socioeconomic background (high SES) when fathers have some secondary schooling 
or more. 
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variable is occupation which is divided into three broad categories: blue collar, services 
and white collar, and multinomial logit regressions are estimated with blue collar as the 
reference category.
57
 The third outcome variable is primary school completion and the 
fourth is secondary school completion; these equations are estimated using probit 
models.  
The findings suggest that men exposed to the SD INPRES programme are 
significantly more likely to be wage earners than self-employed but not women (Annex 
table 1). The SD INPRES programme also appears to reduce the relative advantage in 
terms of being in wage employment (as opposed to being self-employed) for men with 
more educated fathers. Both men and women whose fathers have more schooling are 
significantly more likely to be wage earners. 
When it comes to occupation, for women there is no significant relationship 
between SD INPRES exposure and occupation but men who were exposed to the 
programme have a higher relative risk of being in a white collar than a blue collar 
occupation holding other factors constant (Annex table 2). The more schooling an 
individual’s father has, the larger the relative risk that the individual has either a 
services or white collar occupation than blue collar occupation is. This effect is however 
reduced to some extent for both men and women exposed to the programme and whose 
fathers have more schooling similar to the finding on wage employment above (Annex 
table 1). Together this suggests that the SD INPRES programme raised 
intergenerational mobility in terms of occupation and employment type. In a similar 
vein, earlier evidence for Indonesia finds that the SD INPRES programme increased 
intergenerational education mobility for men (Hertz, Jayasundera 2007).  
There is no significant effect of SD INPRES programme exposure on primary 
completion for men nor for women (Annex table 3) but individuals whose fathers have 
more schooling are more likely to complete primary school in line with expectations. 
That there is no relationship between SD INPRES programme exposure and primary 
completion suggests that the programme may have worked primarily by increasing 
enrolment (including of poorer students, see above) but did not necessarily improve 
retention. This would be consistent with the SD INPRES programme being a supply-
side intervention that among other things reduced the distance to school but left 
                                                          
57
 The blue collar category includes agriculture, mining, construction, manufacturing and utilities, the 
services category comprise services, communications, and transportation, and the white collar category 
consists of finance, business and social services (includes teachers and civil servants). 
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demand-side constraints such as the cost of schooling largely unchanged. For secondary 
school completion, there is evidence that men exposed to the programme are more 
likely to complete secondary school, and similar to primary completion, individuals 
whose fathers are more educated are more likely to complete secondary school (Annex 
table 4). 
Dividing the sample by socioeconomic background, men in the high SES group 
exposed to the SD INPRES programme are significantly more likely to be wage earners 
(Annex table 5). Women in all SES groups are significantly less likely to have wage 
employment, and for women in the middle SES group exposed to the SD INPRES 
programme this probability is further reduced.  
In terms of occupation, men from the low SES sample who were exposed to the SD 
INPRES programme have a significantly higher relative risk of being in a white collar 
occupation than a blue collar occupation whereas women in the low SES exposed to the 
SD INPRES programme have a significantly lower risk of having a white collar job 
than blue collar job. There is no significant association between SD INPRES exposure 
and occupation for the middle and high SES samples (Annex table 6) but women in the 
middle and high SES sample have significantly higher relative risks of having a white 
collar than blue collar occupation. 
When dividing the sample by SES, the primary and secondary school completion 
models can only be estimated for the low and middle SES samples as there is too little 
variation in these outcome variables for the high SES group (for instance, only 3.5 
percent of the sample have not completed primary school). For the low and middle SES 
samples, SD INPRES exposure is not significantly correlated with primary school 
completion (Annex table 7) and women are significantly less likely to complete primary 
school than men. However, SD INPRES programme exposure partly offsets this 
negative gender effect for women in the low SES sample. 
In terms of secondary school completion women in the low SES group are 
significantly less likely to complete secondary school but this is not compensated by SD 
INPRES exposure as was the case for primary completion. These findings suggest that 
the programme affected schooling of the poorest women mainly at primary level. For 
secondary school completion for the middle SES, individuals exposed to the SD 
INPRES programme are significantly more likely to complete than those not exposed 
but again women are significantly less likely to complete than men (Annex table 8). 
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3.6.2 Schooling and Wages: Ordinary Least Squares and Instrumental Variable 
Estimates 
The results for the wage equation estimated by ordinary least squares and instrumental 
variables respectively are shown in Table 35 for the main sample and in Table 36 for 
the sample, which includes overage school-starters. In each table, the preferred 
specifications are columns 2 and 5, and these are discussed below.  
Schooling causes higher wages and an additional year of schooling raises monthly 
wages by 13.5 percent in the main sample and by 13.2 percent in the sample with 
overage school-starters. These estimates are larger than existing evidence for Indonesia, 
which finds returns of about 9.0 percent for men also using monthly wages (Duflo 
2001). The ordinary least squares estimates are smaller: one more year of schooling is 
significantly associated with wages that are 10.4 percent and 10.3 percent higher for the 
two samples. Whether the dummy variable for individuals who work part-time is 
included or not does not affect the results. Possible reasons for the difference in 
ordinary least squares and instrumental variable estimates are discussed below.  
Interestingly, father’s schooling is not related to wages in the instrumental variable 
regressions but it is in the ordinary least squares regressions where one additional year 
of schooling for fathers is associated with significantly higher wages (2.2 percent). This 
is similar to existing evidence that also finds that father’s schooling is significantly 
associated with wages when assuming that schooling is exogenous but not when 
treating it as endogenous (Bedi, Gaston 1999, Carneiro, Lokshin et al. 2011). This result 
suggests that the effect of father’s schooling may be operating mainly through formal 
investment in children’s schooling and have no independent effect on wages (i.e., 
father’s schooling does not capture ability). 
As expected women earn significantly less than men, their wages are between 5.4 
percent and 5.7 percent lower on average. An earlier study also finds gender differences 
in earnings and wages in Indonesia (Behrman, Deolalikar 1995). The interaction of SD 
INPRES programme exposure and gender is only significant when part-time work is not 
controlled for (column 3) in the main sample and using ordinary least squares. Still, the 
SD INPRES programme raises schooling by approximately 0.64 additional years for 
exposed women. Combining this schooling effect of the SD INPRES programme with 
the average effect of increased schooling on wages (0.135) implies that the SD INPRES 
programme reduced the average gender wage gap by roughly 9 percent.  
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Recalling the earlier findings, men exposed to the SD INPRES programme have a 
significantly higher probability of completing secondary school and of having wage 
employment and also have a significantly higher relative risk of being in a white collar 
occupation (Annex table 1, Annex table 2, Annex table 4). Men in the high SES group 
are also significantly more likely to be in wage employment and men in the low SES 
group to have a white collar job (Annex table 5, Annex table 6). This implies that for 
men higher wages caused by more schooling may come about partly by raising 
secondary completion and by placing men in wage employment and white collar jobs. 
Studies of the impact of schooling on wages that use instrumental variables, 
particularly supply-side interventions, frequently find that the instrumental variable 
estimates are larger than the ordinary least squares estimates (Ashenfelter, Harmon et al. 
1999, Card 2001). There are two main reasons for the difference in the estimates. First, 
measurement error in schooling may induce a downward bias in the ordinary least 
squares estimate (Griliches 1977). Second, returns to schooling may be heterogeneous 
(Imbens, Angrist 1994).  
In the Indonesian case, those who decided to attend primary school in response to 
the increase in the primary school supply may have relatively higher returns to 
schooling than those whose schooling decisions were not affected by the programme in 
which case the instrumental variable estimator gives the local average treatment effect. 
Nevertheless, since the SD INPRES programme affected such a large proportion of the 
sample the local average treatment effect should approach the average treatment effect 
(Devereux, Fan 2011). For Indonesia, the larger estimate of return to schooling obtained 
when accounting for schooling being endogenous is probably the result of a 
combination of measurement error and heterogeneous returns (Maluccio 1998, 
Carneiro, Lokshin et al. 2011). 
3.7 Conclusion 
This chapter examines the effect of increases in school supply on schooling attainment 
and whether more schooling causes higher wages for men and women in Indonesia. The 
findings suggest that the SD INPRES programme significantly increased schooling both 
for men and for women, and that women benefitted more than men as did individuals 
from less advantageous socioeconomic backgrounds. Thus, it appears that the SD 
INPRES programme contributed to a narrowing of schooling gaps by gender and by 
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socioeconomic background in Indonesia. This suggests that when there is unmet 
demand for schooling supply-side school infrastructure policies can be successful in 
raising the schooling of traditionally marginalized groups. Moreover, the SD INPRES 
programme appears to mainly have affected the schooling of women at the primary 
level and for men at the secondary level.  
The chapter also finds that additional schooling causes higher wages both for men 
and for women but that there may have been an added positive effect on wages for 
women through the additional schooling induced by the SD INPRES programme. 
Further, men have a significantly higher relative risk of having a white collar than 
blue collar occupation and a greater probability of being in wage employment rather 
than self-employed which suggests that more schooling partly causes higher wages 
through occupation choice and employment type.  
The SD INPRES programme also appears to raise intergenerational mobility: It 
reduces the relative advantage in terms of having a wage earning job and not having a 
blue collar job for those with more educated fathers. Moreover, women are generally 
less likely than men to complete primary school but for the poorest women this negative 
gender effect is partly offset by SD INPRES programme exposure. 
Moreover, the findings, in line with existing evidence, underline the importance of 
accounting for schooling endogeneity when assessing the effect of schooling on wages. 
Two important issues are not dealt with in this chapter. First, the results presented in 
this chapter are for wage earners only, and the returns to schooling may differ for non-
wage earners and currently no evidence on this group exists for Indonesia. Second, it is 
possible that the returns to schooling are heterogeneous in Indonesia, which is an issue 
that deserves more attention. 
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Table 28. Literacy and schooling by location, gender, and father’s occupation, 1970-71 
 
Source: (World Bank 1975) 
 
 
Table 29. SD INPRES programme investments, 1973/74-1978/79 
 
Sources: (World Bank 1989, World Bank 1984). 
 
 
Table 30. Mean schooling by SD INPRES programme intensity and exposure for 
sample 
 
 
literate no schooling
complete 
primary 
schooling
total 59.6 41 19.4
by gender
female 49 51.6 15.4
male 70.8 29.8 23.6
by location
rural 55.2 45.2 27.4
urban 79.1 22.3 17.7
by father's occupation
1
high - 1.0 -
medium - 14.9 -
low - 84.2 -
Percent of population
Note: 1. These data are from a small, non-representative sample so are indicative 
only.
New primary 
schools
Primary school 
books 
(millions)
SD INPRES 
allocation
 (billions of rupiah)
SD INPRES 
allocation as % of 
total public 
spending
1973/74 6,000 6.6 17.2 1.5
1974/75 6,000 6.9 19.7 1.0
1975/76 10,000 7.3 49.9 1.9
1976/77 10,000 8.6 57.3 1.6
1977/78 15,000 7.3 85.0 2.0
1978/79 15,000 8.5 111.8 2.1
Total 62,000 45.2 341 -
Note: All schools constructed had 3-classroom blocks. Textbooks in mathematics and Bahasa 
Indonesia.
SD INPRES programme investments
not exposed exposed difference
high intensity 6.4 8.7 -2.3*
low intensity 8.1 10.0 -2.0*
difference -1.7* -1.3* -0.34*
Program exposure defined as cumulative number of SD INPRES schools 
constructed per 1,000 children aged 5-14 in an individuals' district of birth in year 
before started primary school.
SD INPRES programme
Schooling
Note: *statistically different at one percent.
Low/high programme intensity determined by a regression of the number of 
schools constructed by district on the number of school age children (5-14 years) 
in that district. For positive residuals a district is defined as high intensity and for 
negative residuals as low intensity.
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Table 31. Variable description 
 
 
Table 32. Summary statistics 
 
 
 
Table 33. Mean programme exposure and schooling by SD INPRES programme 
exposure 
 
 
 
Variable Description
district Dummy variable for respondent's district of birth
father's schooling Father's years of completed schooling
fee abolition Dummy variable if started school after primary school fee was abolished
part-time Dummy variable for respondents who work part-time
proportion enrolled in 1971 Fraction of children enrolled in primary school in each district in 1971
proportion of children in 1971 Fraction of children aged 5-14 in each district in 1971
schooling Years of completed schooling
SD INPRES pgm exposure Exposure to SD INPRES school construction programme
wages Self-reported monthly wages in local currency (natural log)
water supply and sanitation Water supply and sanitation programme spending by district 1973-78
woman Dummy variable equal to one for women
year of birth Dummy variable for respondent's year of birth
Sample 1 (N=3146) Mean Std. Dev. Min Max
father's schooling 5.2 3.9 0 18
proportion enrolled in 1971 0.17 0.06 0.03 0.61
proportion of children in 1971 0.27 0.02 0.22 0.33
schooling 8.6 4.5 0.0 18.0
SD INPRES pgm exposure 0.64 0.82 0.00 6.40
wages 12.3 1.1 6.9 16.0
water supply and sanitation 0.43 0.20 0.00 2.35
woman 0.34 0.48 0.00 1.00
year of birth 1965 8 1950 1975
Sample 2 (N=4023)
father's schooling 5.2 3.9 0 18
proportion enrolled in 1971 0.17 0.06 0.03 0.61
proportion of children in 1971 0.27 0.02 0.22 0.33
schooling 8.5 4.6 0.0 18.0
SD INPRES pgm exposure 0.54 0.75 0.00 6.40
wages 12.3 1.1 6.9 16.0
water supply and sanitation 0.43 0.20 0.00 2.35
woman 0.35 0.48 0.00 1.00
year of birth 1965 7 1950 1975
Mean not exposed exposed difference
SD INPRES exposure 0 1.1 1.1*
schooling 7.4 9.5 2.1*
observations 1323 1823 -
Note: *statistically different at one percent.
SD INPRES programme
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Table 34. Schooling regressions 
 
 
 
(1) (2) (3) (4) (5) (6)
SD INPRES pgm exposure 0.5954*** 0.9561*** 0.9631*** 0.5683*** 0.7624*** 0.7635***
(0.1956) (0.2310) (0.2305) (0.1777) (0.2310) (0.2307)
SD INPRES pgm exposure*father's schooling -0.1033*** -0.1065*** -0.1062*** -0.1080*** -0.1070*** -0.1068***
(0.0255) (0.0228) (0.0228) (0.0207) (0.0208) (0.0208)
father's schooling 0.5627*** 0.5624*** 0.5609*** 0.5539*** 0.5510*** 0.5505***
(0.0322) (0.0322) (0.0324) (0.0295) (0.0295) (0.0295)
woman -1.2734*** -1.2441*** -1.2139*** -1.1259*** -1.085*** -1.0743***
(0.1985) (0.1939) (0.1941) (0.1709) (0.1717) (0.1734)
woman*SD INPRES pgm exposure 0.6539*** 0.6398*** 0.6287*** 0.5837*** 0.5545*** 0.5505***
(0.2182) (0.2158) (0.2165) (0.1985) (0.1984) (0.1985)
district Y Y Y Y Y Y
year of birth Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
fee abolition Y Y Y Y
part-time Y Y Y Y
F test of excluded instruments
(F statistic/P-value)
12.53/0.000 17.05/0.000 17.13/0.000 14.76/0.000 16.02/0.000 15.98/0.000
Observations 3146 3146 3146 4023 4023 4023
R-squared 0.244 0.254 0.254 0.235 0.246 0.246
Dependent variable: schooling
Sample 2Sample 1
Robust standard errors clustered at district level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and controls for survey 
round. Sample 1 is the main sample, sample 2 includes individuals who were older than 7 in the year SD INPRES schools were built in their district.
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Table 35. Ordinary least squares and second-stage regressions (sample 1) 
 
 
(1) (2) (3) (4) (5) (6)
schooling 0.1049*** 0.1042*** 0.1029*** 0.1331*** 0.1351*** 0.1377***
(0.0055) (0.0056) (0.0054) (0.0486) (0.0476) (0.0513)
father's schooling 0.0215*** 0.0222*** 0.0255*** 0.0076 0.0070 0.0084
(0.0054) (0.0053) (0.0052) (0.0257) (0.0249) (0.0266)
woman -0.5626*** -0.5783*** -0.6416*** -0.5270*** -0.5397*** -0.5993***
(0.0475) (0.0456) (0.0465) (0.0683) (0.0682) (0.0691)
woman*SD INPRES pgm exposure 0.0411 0.0542 0.0753* 0.0238 0.0350 0.0541
(0.0384) (0.0371) (0.0388) (0.0459) (0.0466) (0.0488)
district Y Y Y Y Y Y
year of birth Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
fee abolition Y Y Y Y
part-time Y Y Y Y
Hansen J statistic (overidentification test of 
all instruments, P-value)
0.179 0.895 0.791
Observations 3146 3146 3146 3146 3146 3146
R-squared 0.579 0.585 0.564 0.487 0.493 0.465
Dependent variable: monthly wages 
(natural log)
OLS IV
Sample 1
Robust standard errors clustered at district level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and 
controls for survey round. Excluded instruments are SD INPRES programme exposure and an interaction of SD INPRES programme and 
father's schooling. Sample 1 is the main sample, sample 2 includes individuals who were older than 7 in the year SD INPRES schools were built 
in their district.
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Table 36. Ordinary least squares and second-stage regressions (sample 2) 
 
 
(1) (2) (3) (4) (5) (6)
schooling 0.1037*** 0.1031*** 0.1027*** 0.1367*** 0.1317*** 0.1373***
(0.0043) (0.0044) (0.0044) (0.0444) (0.0465) (0.0503)
father's schooling 0.0231*** 0.0240*** 0.0266*** 0.0069 0.0099 0.0097
(0.0044) (0.0044) (0.0043) (0.0234) (0.0241) (0.0257)
woman -0.5282*** -0.5407*** -0.5990*** -0.4921*** -0.5103*** -0.5626***
(0.0464) (0.0451) (0.0465) (0.0599) (0.0612) (0.0622)
woman*SD INPRES pgm exposure 0.0218 0.0335 0.0536 0.0046 0.0192 0.0364
(0.0352) (0.0340) (0.0351) (0.0400) (0.0409) (0.0423)
district Y Y Y Y Y Y
year of birth Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
fee abolition Y Y Y Y
part-time Y Y Y Y
Hansen J statistic (overidentification test of 
all instruments, P-value)
0.221 0.922 0.913
Observations 4023 4023 4023 4023 4023 4023
R-squared 0.573 0.579 0.560 0.477 0.487 0.460
Robust standard errors clustered at district level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and 
controls for survey round. Excluded instruments are SD INPRES programme exposure and an interaction of SD INPRES programme and 
father's schooling. Sample 1 is the main sample, sample 2 includes individuals who were older than 7 in the year SD INPRES schools were built 
in their district.
OLS IVDependent variable: monthly wages 
(natural log)
Sample 2
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Figure 14. Primary enrollment and school-age population, 1971-1982 
 
Note: School-age population is children aged 7-12 years. 
Source: (World Bank 1975, World Bank 1989). 
 
 
Figure 15. Distribution of schooling by gender, 2000 
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Figure 16. SD INPRES programme exposure by study 
 
SD INPRES programme exposure: This chapter
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Note: Programme intensity defined as cumulative number of SD INPRES schools constructed per 1000 children aged 5-14 in district of birth in the year in which an individual starts school.
SD INPRES programme exposure: Duflo (2001)
1972 1971 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960 1959 1958 1957 1956 1955 1954 1953 1952 1951 1950
F
ir
s
t 
s
c
h
o
o
ls
 c
o
m
p
le
te
d
:
1974
Note: Total number of SD INPRES schools constructed between 1973/74-1978/79 in district of birth per 1000 children aged 5-14 years in 1971.
Source: Based on information provided in Duflo (2001).
SD INPRES programme exposure: Hertz and Jayasundera (2007)
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Note: Average number of SD INPRES schools constructed per 1000 children aged 5-14 in district of birth in the year in which an individual starts school.
Source: Based on information provided in Hertz and Jayasundera (2007).
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Annex 
Annex table 1. SD INPRES programme exposure and wage employment regressions by gender 
 
 
Dependent variable: wage employment
(excluded category: self-employed) (1) (2) (3) (4) (5) (6)
SD INPRES pgm exposure -0.1346 -0.0961 -0.1061 0.0803 0.2385** 0.2451**
(0.099) (0.121) (0.128) (0.058) (0.107) (0.114)
SD INPRES pgm exposure*father's schooling -0.0024 -0.0037 -0.0014 -0.0142** -0.0192** -0.0207**
(0.010) (0.009) (0.009) (0.006) (0.008) (0.009)
father's schooling 0.0533*** 0.0496*** 0.0503*** 0.0561*** 0.0556*** 0.0612***
(0.011) (0.015) (0.015) (0.008) (0.007) (0.007)
province Y Y Y Y Y Y
year of birth Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
part-time Y Y Y Y
Observations 2,766 2,766 2,766 3,349 3,349 3,349
Pseudo R-squared 0.110 0.131 0.117 0.165 0.177 0.155
Women Men
Probit. Robust standard errors clustered at province level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and 
controls for survey round.
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Annex table 2. SD INPRES programme exposure and occupation regressions by gender 
 
 
 
Dependent variable: occupation category
(excluded category: blue collar) services w hite collar services w hite collar services w hite collar services w hite collar services w hite collar services w hite collar
Relative risk  ratios (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
SD INPRES pgm exposure -0.1630 -0.3178 -0.6185 -0.3742 -0.5226 -0.4134 0.2886 0.4949** 0.3188 0.4496* 0.3218 0.4493*
(0.301) (0.317) (0.436) (0.553) (0.423) (0.551) (0.199) (0.226) (0.310) (0.240) (0.311) (0.231)
SD INPRES pgm exposure*father's schooling -0.0172 -0.0046 -0.0638*** -0.0045 -0.0508** -0.0032 -0.0347* -0.0296* -0.0507** -0.0423** -0.0514** -0.0405**
(0.039) (0.020) (0.019) (0.033) (0.020) (0.033) (0.019) (0.017) (0.024) (0.017) (0.024) (0.017)
father's schooling 0.1412*** 0.2422*** 0.1398*** 0.2452*** 0.1424*** 0.2425*** 0.1233*** 0.1413*** 0.1317*** 0.1460*** 0.1328*** 0.1414***
(0.054) (0.028) (0.052) (0.033) (0.051) (0.032) (0.022) (0.024) (0.025) (0.023) (0.025) (0.023)
province Y Y Y Y Y Y Y Y Y Y Y Y
year of birth Y Y Y Y Y Y Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y Y Y Y Y
part-time Y Y Y Y Y Y Y Y
Observations 927 927 927 927 927 927 1,918 1,918 1,918 1,918 1,918 1,918
Pseudo R-squared
Multinomial logistic regressions. Robust standard errors clustered at province level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and controls for 
survey round.
Women Men
0.210 0.266 0.251 0.093 0.121 0.118
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Annex table 3. SD INPRES programme exposure and primary school completion by gender 
 
 
 
Dependent variable: primary school completion
(excluded category: less than primary school completion) (1) (2) (3) (4) (5) (6)
SD INPRES pgm exposure -0.1534 -0.1035 -0.1061 0.1316 0.0514 0.0592
(0.145) (0.289) (0.283) (0.117) (0.107) (0.106)
SD INPRES pgm exposure*father's schooling -0.0074 -0.0219 -0.0222 -0.0106 -0.0044 -0.0046
(0.018) (0.022) (0.023) (0.018) (0.021) (0.021)
father's schooling 0.2607*** 0.2757*** 0.2766*** 0.1542*** 0.1486*** 0.1501***
(0.017) (0.016) (0.017) (0.023) (0.021) (0.021)
province Y Y Y Y Y Y
year of birth Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
part-time Y Y Y Y
Observations 1,076 1,076 1,076 2,051 2,051 2,051
Pseudo R-squared 0.458 0.503 0.502 0.242 0.272 0.270
Women Men
Probit. Robust standard errors clustered at province level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and 
controls for survey round.
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Annex table 4. SD INPRES programme exposure and secondary school completion by gender 
 
 
 
 
Dependent variable: secondary school completion
(excluded category: less than secondary school completion) (1) (2) (3) (4) (5) (6)
SD INPRES pgm exposure 0.0816 0.1405 0.1406 0.1873 0.3729** 0.3734**
(0.122) (0.121) (0.122) (0.145) (0.151) (0.151)
SD INPRES pgm exposure*father's schooling -0.0179 -0.0416* -0.0417* -0.0081 -0.0134 -0.0135
(0.018) (0.021) (0.021) (0.020) (0.022) (0.022)
father's schooling 0.2719*** 0.3011*** 0.3012*** 0.1710*** 0.1683*** 0.1685***
(0.041) (0.041) (0.041) (0.026) (0.027) (0.027)
province Y Y Y Y Y Y
year of birth Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
part-time Y Y Y Y
Observations 1,079 1,079 1,079 2,056 2,056 2,056
Pseudo R-squared 0.417 0.417 0.417 0.208 0.231 0.231
Women Men
Probit. Robust standard errors clustered at province level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and 
controls for survey round.
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Annex table 5. SD INPRES programme exposure and wage employment regressions by socioeconomic status 
Dependent variable: wage employment
(excluded category: self-employed) (1) (2) (3) (4) (5) (6) (7) (8) (9)
SD INPRES pgm exposure -0.1618 -0.1493 -0.1482 -0.0679 -0.0882 -0.0923 0.0282 0.3315*** 0.3372***
(0.170) (0.295) (0.293) (0.066) (0.072) (0.069) (0.034) (0.120) (0.097)
woman -0.3398** -0.3692*** -0.4166*** -0.4134*** -0.4097*** -0.4942*** -0.3689*** -0.3642*** -0.4882***
(0.135) (0.143) (0.151) (0.086) (0.088) (0.090) (0.082) (0.084) (0.075)
woman*SD INPRES pgm exposure -0.0135 -0.0028 -0.0168 -0.1498** -0.1472** -0.1389** 0.0050 -0.0286 0.0153
(0.103) (0.101) (0.100) (0.072) (0.071) (0.070) (0.076) (0.091) (0.095)
province Y Y Y Y Y Y Y Y Y
year of birth Y Y Y Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y Y Y
part-time Y Y Y Y Y Y
Observations
Psedudo R-squared 0.113 0.137 0.121 0.132 0.139 0.112 0.182 0.238 0.210
high SES
1,055
Probit. Robust standard errors clustered at province level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and 
controls for survey round.
low SES = father no schooling, middle SES = father some or complete primary schooling, high SES = father secondary school or more 
low SES middle SES
1,568 3,487
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Annex table 6. SD INPRES programme exposure and occupation regressions by socioeconomic status 
 
 
 
Dependent variable: occupation category
(excluded category: blue collar) services w hite collar services w hite collar services w hite collar services w hite collar w hite collar w hite collar w hite collar
Relative risk  ratios (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
SD INPRES pgm exposure 0.1627 0.6045** -0.1221 0.2059 0.1511 0.1467 0.1760 0.1613 0.0029 -0.2100 -0.1854
(0.796) (0.271) (0.242) (0.275) (0.279) (0.304) (0.297) (0.289) (0.199) (0.340) (0.344)
woman -0.2306 0.1426 0.3063 0.3728** 0.2903 0.3401** 0.1772 0.4094** 0.7762* 1.0260** 1.1873***
(0.289) (0.204) (0.217) (0.182) (0.244) (0.168) (0.245) (0.189) (0.408) (0.427) (0.402)
woman*SD INPRES pgm exposure -0.3243 -0.7606** -0.2046 -0.1995 -0.1539 -0.2367 -0.1110 -0.2584 0.0305 -0.1121 -0.1760
(0.515) (0.318) (0.198) (0.146) (0.257) (0.160) (0.250) (0.167) (0.234) (0.284) (0.290)
province Y Y Y Y Y Y Y Y Y Y Y
year of birth Y Y Y Y Y Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y Y Y
part-time Y Y Y Y Y Y Y Y
Observations
Psedudo R-squared 0.126 0.224 0.216
Multinomial logistic regressions. Robust standard errors clustered at province level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and 
controls for survey round.
low SES = father no schooling, middle SES = father some or complete primary schooling, high SES = father secondary school or more 
high SES
584 1,626 503
0.232 0.096 0.128 0.120
low SES middle SES
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Annex table 7. SD INPRES programme exposure and primary school completion by socioeconomic background 
 
 
 
Dependent variable: primary school completion
(excluded category: less than primary school completion) (1) (2) (3) (4) (5) (6)
SD INPRES pgm exposure -0.0394 0.1729 0.1736 -0.1591 -0.1749 -0.1568
(0.290) (0.379) (0.384) (0.112) (0.111) (0.108)
woman -0.9718*** -1.0811*** -1.0895*** -0.5147*** -0.5172*** -0.5644***
(0.083) (0.105) (0.108) (0.141) (0.140) (0.141)
woman*SD INPRES pgm exposure 0.2441** 0.3358** 0.3281** 0.3193 0.3124 0.3417
(0.112) (0.140) (0.143) (0.205) (0.206) (0.209)
province Y Y Y Y Y Y
year of birth Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
part-time Y Y Y Y
Observations
Psedudo R-squared 0.279 0.351 0.350 0.160 0.181 0.153
low SES middle SES
630 1,794
Probit. Robust standard errors clustered at province level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and controls 
for survey round.
low SES = father no schooling, middle SES = father some or complete primary schooling.
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Annex table 8. SD INPRES programme exposure and secondary school completion by socioeconomic background 
 
 
 
Dependent variable: secondary school completion
(excluded category: less than secondary school completion) (1) (2) (3) (4) (5) (6)
SD INPRES pgm exposure -0.1311 0.1152 0.1258 0.0630 0.1575* 0.1556*
(0.223) (0.335) (0.337) (0.093) (0.081) (0.083)
woman -0.9270*** -1.4006*** -1.3487*** -0.2814** -0.2755** -0.2972**
(0.274) (0.393) (0.375) (0.132) (0.124) (0.129)
woman*SD INPRES pgm exposure -0.0552 0.1514 0.1379 0.1140 0.1077 0.1197
(0.203) (0.279) (0.287) (0.163) (0.166) (0.170)
province Y Y Y Y Y Y
year of birth Y Y Y Y Y Y
year of birth*proportion children 1971 Y Y Y Y Y Y
year of birth*proportion enrolled 1971 Y Y Y Y
year of birth*water supply and sanitation Y Y Y Y
part-time Y Y Y Y
Observations
Psedudo R-squared 0.304 0.438 0.433 0.078 0.110 0.109
low SES = father no schooling, middle SES = father some or complete primary schooling
low SES middle SES
630 1,796
Probit. Robust standard errors clustered at provinc level in parentheses. *** p<0.01, ** p<0.05, * p<0.1. All regressions include a constant term and 
controls for survey round.
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Annex figure 1. Map of Indonesia 
 
Source: (Frankenberg, Karoly et al. 1995). 
